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Abstract 

The  effects  of  sleep  loss  on  husan  task  performance  were  discussed  under  total,  partial, 
and  selective  deprivations  of  sleep.  Some  of  the  frequently  used  psychological  tasks  in  studies 
of  total  sleep  loss  were  described  in  sufficient  detail  so  that  experimenters  could  choose,  on 
the  basis  of  materials  presented  in  this  monograph,  adequate  tasks  to  fit  their  experimental 
objectives.  Factors  which  played  critical  roles  in  determining  the  degree  of  task  sensitivity 
to  total  sleep  loss  were  listed.  Effects  of  shortened  hours  of  sleep  on  human  task  performance 
were  discussed.  Effect*  of  selected  sleep  deprivation  on  performance  wore  also  briefly  commented 
upon.  The  comentary  of  this  monograph  covered  almost  all  studies  conducted  on  sleep  loss  under 
laboratory  conditions,  including  a  series  of  on-going  experiment*  on  total  and  selective  sleep 
deprivation*  at  the  Navy  Medical  Neuropsychiatric  Research  Unit,  San  Diego,  California  92152. 

The  commentary  waa  followed  by  a  bibliography  on  sleep  deprivation  with  author  and  subject 
indices. 
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FOREWORD 

The  first  version  of  this  monograph  was  prepared  as  a  paper  presented  at  the  Ninth  Navy  Human  Factors 
Institute,  the  U.S.  Navy  Postgraduate  School,  Monterey,  California,  in  1967.  Since  then,  the  first  version 
has  been  expanded  on  the  basis  of  three  separately  prepared  [*pers:  "Electroencephalographic  changes  after 
prolonged  sleep  loss,"  a  paper  read  at  the  Western  EEG  Society  meeting  in  1968;  "Prolonged  sleep  deprivation 
and  perform nee,"  presented  at  the  Annual  Conference  of  the  American  Psychological  Association  in  1968;  and 
"Role  of  sleep  research  in  human  factors,”  a  paper  given  at  the  Annual  Conference  on  Engineering  in  Biology 
and  Medicine  in  1968. 

The  author  would  like  to  thank  Dr.  Laverne  C.  Johnson  for  his  critical  and  thorough  reading  of  the 
entire  manuscript.  The  bibliographic  assistance  was  received  in  part  from  the  UCLA  Brain  Information 
Service  which  is  part  of  the  Neurological  Information  Network  of  NINDB  and  is  supported  under  Contract  No. 
DHEW  PH-43-66-59. 
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I.  INTRODUCTION 


Upon  occasions)  man  will  be  forced  to  maintain  his  vigilance  and  skill  for  48  hours  or  more  with  a  total 
absence,  or  with  reduced  amounts,  of  sleep.  The  reasons  for  remaining  sleepless  by  choice  are  maqy  and  varied. 
Family,  or  military,  emergencies  and  heavy  work-loads  necessarily  involved  in  the  early  phases  of  aany  field 
missions,  such  as  space  flight  and  underwater  living,  are  but  a  few  of  the  nany  reasons.  Despite  sleep  deprivations 
of  varying  severity,  a  man  would  be  expected  to  perform  his  task  efficiently  and  flawlessly  (1,  213,  258,  293). 

Surely,  a  man  could  stay  awake  and  function  for  a  certain  period  of  time  by  living  on  ,-his  adrenalin." 

However,  what  would  be  the  coat  of  puch  sleep  loss  on  work  efficiency  and  human  rel i.'*  *'  '*./?  What  "ould  be  the 
general  behavioral  consequence  of  prolonged  wakefulness? 

So  far,  only  seven  men  have  remained  awake  for  more  than  200  hours,  and  their  experiences  have  been  wen- 
documented.  These  seven  men  are:  Peter  Tripp  (200  hours  sleep  loss,  studied  by  West  and  Williams  and  their 
associates),  Randy  Gardner  (268  hours  sleep  loss,  examined  by  Dement  and  Johnson),  and  a  group  of  four  subjects; 

Dave  Gropliear,  Harvey  Hall,  Rob  Smith  and  Jay  Lamport  (20S  hours  sleep  loss,  observed  by  Kollar  and  his  colleagues). 
The  psychological  observations  of  these  subjects  shewed  s  cocmon  occurrence  of  visual  and,  to  much  less  extant, 
auditory  illusions.  Visual  misperceptions,  such  as  a  moving  door  frame  and  swirling  steam  from  the  flour,  ware 
experienced  by  some  of  these  seven  men  and  by  many  other  sleep-deprived  subjects  at  one  time  or  another  (100,  107, 
196,  198,  18).  In  reporting  theaa  visual  and  auditory  illuaiona,  sleep-deprived  si&Jecte  expreeeed  aoae  doubt 
generally  as  to  the  reality  of  their  perceptual  experiences,  and  they  would  report  seeing  an  unusual  shimmering 
object  in  the  air  with  calm  amusement.  In  other  instances,  however,  the  sleep-deprived  subjects  experienced  visual 
and  auditory  perceptions  of  an  illusory  nature  which  succeeded  in  convincing  the  sleepy  subjects,  at  least  for  a 
while,  of  being  real  and  of  being  threatening  as  well.  For  example,  in  this  author's  exptritnee,  a  subject 
suddenly  stopped  performing  his  tracking  task  In  the  middle  of  a  task  session.  Upon  iaaaidiate  questioning,  the 
subject  revealed  that  he  had  heard  distinctly  a  voice  instructing  hi*  to  "stop  performing  and  rest,"  eltho*h  no 
such  instruction  had  bean  given.  An  episode  of  threatening  visual  hallucination  was  described  by  ftmu  end  his 
associates  (M2),  toe  of  the  four  subjects ,  who  had  been  sleepless  for  1*8  hours,  arrivsd  at  the  paycbophytlolagicel 
tsst  room  as  scheduled.  After  a  minute  or  so  of  tracking  a  spot  of  light  shown  on  a  cathode  ray  oscilloscope,  the 
subject  watched  as  the  oscilloscope  transformed  itself  gradually  into  Humpty-Dumpty,  and,  simultaneously,  a  gorilla 
appeared  in  a  corner  of  the  roan.  The  gorilla  nomad  down  and  merged  with  Nuepcy-Ounpty  to  form  a  blended  picture 
«f  both.  The  fan  than  ttartad  to  no*e  threateningly  toward  the  eubject.  The  threat  which  this  visual  hallucin¬ 
ation  teamed  was  seen  bobaviorally  in  the  subject's  paste hed  flight  and  in  his  physiological  miction.  Burl*  the 
auparieace  of  viaaai  hallucination.  hU  heart  tats  Jwped  free  its  asaat  «0  to  loo  boats  par  niaute  to  1*0  boats 
par  alette,  and  his  brain  aavan  abound  unusual ly  high  (for  a  m  who  had  stoyed  stake  ui  hours)  "attained 
aaylitude  alpha  activity  (figure  1),  the  threat  earned  by  Hagty  Qmft)  Ur  ilia"  was,  however,  transient,  in  the 
eaaaUa  following  this  ep  lands,  the  aaa  again  short  ad  the  tension  by  bolting  from  the  xpvrlawttl  rema  hut  once 
outside  he  coined  daws  rapidly.  The  third  nm  ana  without  episodic  frtjht . 
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Despite  dramatic  delu6ional  and  confusions  1  states  of  some  of  the  subjects  whose  sltcj  was  deprived,  the  view 
of  Luby  and  Gottlieb  that  prolonged  sleep  deprivation  results  ultimately  in  a  psychotic  state  should  he  regarded 
a*  a  hypothesis  because  of  the  snail  pronortion  of  sleep- deprived  subjects  who  have  developed  a  full-blown 
systematised  paranoid  delusion.  Those  sleep-deprived  subjects  who  developed  florid  psychotic  behaviors  appeared 
to  have  had  atypical  personality  and  jersonal  histories  (146,  195,  294,  and  128).  Therefore,  with  Johnaon  (128), 
the  author  haa  reached  the  conclusion  tliat  no  new  psychopathology  would  occur  a  nouveau  after  prolonged  total 
sleep  deprivation. 

In  hia  dally  routine,  a  man  obviously  would  not  be  required  to  stay  sleepless  for  200  hours.  He  might,  for 
one  reason  or  another,  be  forced  to  stay  awake  for  48  hours  or  less,  but  the  risk  of  developing  visual  and  auditory 
ha  l  luclnationa  and  paranoid  psychotic  behavior  severe  enough  to  interrupt  tne  performance  schedule  under  such 
circumstances  would  be  negligible.  It  would  be  equally  unlikely  in  field  missions  that  any  crew  member  would  be 
required  to  remain  fully  awake  on  duty  for  more  than  48  hours.  Thus,  the  problem  of  Induced  "sleep  loss  psychosis" 
remains  a  matter  of  academic  interest  only. 

Nonetheless,  there  is  experimental  evidence  that  short  sleep  loss  can  cause  visual  and  auditory  alaperceptians 
disorientation  in  time,  deficiency  in  short-term  reoory,  and  can  cause  same  minor  changes  in  personality.  While 
measured  effects  of  these  perceptual,  behavioral,  and  social  effects  of  sleep  load  have  been  small,  they  could 
well  become  of  grave  consequence  in  any  long-term  field  operation,  such  aa  living  in  a  capsule  in  the  vacuus  of 
apace,  in  a  habitat  under  the  hyperbaria  of  the  ocean,  or  in  a  tunnel  habitat  under  the  let  of  Antarctica.  Under 
such  living  conditions,  a  crew  member  hms  to  aumtaln  skilled  performance  and  remain  alert.  Any  life-support 
ayetea  aust  be  checked  regularly  with  much  cars  given  to  details. 

In  many  modem  occupations,  such  at  airline  piloting,  ocean  fishing,  long-distance  trucking,  and  most 
particularly  *n  medical  practice,  the  effects  of  small  loaaaa  of  sleep  have  a  serious  impact  cn  carrying  out 
professional  routines.  A  aan  whose  work  results  in  an  irregular  tlae  for  meals  and  far  slrep  often  accumulates 
a  sleep  debt  (113). 

Cven  hospitalised  patients  have  not  been  completely  freed  from  the  undesirable  affects  of  ubiquitous  sleep 
disturbances  and  subsequent  sleep  loss  Tor  example,  Cornfield  and  hia  associate!  (163)  have  reported  that  the 
frequent  awakening  of  open-heart  surgical  patients  during  a  period  of  Intensive  poet -operative  care  for  the 
variety  of  asdteal  checks  necessary  resulted  in  interrupted  steep  and  loss  of  sleep,  because  of  this  sleep  loss, 
seat  patt-mta  have  shown  behavior  reported  to  be  delirious. 

In  field  operations  ae  wall  as  in  long-tars  duty,  the  planning  of  deep  "logisticians"  moot  be  as  carefully 
considered  as  the  planning  for  food,  clothing,  etc.,  (333).  Cven  the  beat  work  environments  and  the  beet 
controlled  equipment  design  would  be  inaffect  lea  in  sustaining  tnauin  skills  war  an  extended  period  of  tie* 
without  an  adequate  plan  for  the  logistics  of  sleep,  l.t.,  providing  ^am  engineered*  sleeping  quarters  and  a 
work -rest  schedule  which  assures  the  craw  sufficient  periods  for  efficient  sleep.  The  Invisible,  ever 
seesaw  1st  tag  Insidious  stae°  debt  can  (tit  human  subjects  suddenly  falter  either  in  the  moat  obvious  manner,  by 
debilitating  sensory  Illusions.  *1 arsing  la  I let  last lana,  transient  paranoid  ideations,  or  in  the  sort  subtle 
■a near  by  decease  U*  the  ability  to  perform  ad  shown  by  so  tnrroaao  in  errors  of  cal  salon  or  by  an  inability 
to  taka  or  give  cowed*  (too,  p.  *7). 

Skfmrttuately,  the  icportaace  of  sleep  logistics  has  sat  been  fully  rerogmlisd  in  pUaalng  sat  ended  missions 
or  la  prafaaaioaal  activities,  although  Trasduil  (HI)  sad  Mean  sad  Chiles  (I)  have  stressed  the  importance  of 
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t he  work-rest  schedule.  Recently,  Alluisi  and  his  colleagues  17)  summarized  their  findings  on  the  unusual  work- 
rest  cycle  on  human  jierformance  which  indicated  clearly  the  critical  role  played  oy  sleep.  A i  1  u  1  a f  et  a^  found 
that  the  work-rest  cycles,  other  than  the  one  to  which  man  ia  normally  accustomed  (namely,  16  hours  off  duty/S 
hour*  on),  disrupted  Inman  efficiency  and  lowered  reliability.  After  96  hours,  they  found  that  keeping  crew 
members  on  s  schedule  of  6  hours  on  duty  snd  2  hours  off  (6/2)  resulted  in  severe  performance  degradation.  Why 
was  there  such  performance  deterioration?  Part  of  the  reason  was  lack  of  sleep  With  the  6/2  schedule,  crew 
menfcera  averaged  lesa  than  4  hours  of  sleep  per  24-hour  period.  This  sleep  was  far  too  short  to  be  sustained 
over  s  long  period.  With  a  work-rest  schedule  of  4/2,  crew  members  slept  5.5  hours  or  snore  per  24-hour  period. 
This  extension  in  hours  of  sleep  siermitted  some  of  the  highly  motivated  crew  members  to  maintain  their  level  of 
performance  for  a  period  of  at  least  two  weeks.  However,  the  strain  of  working  under  even  this  demanding  schedule 
was  clearly  shown  by  a  marked  deterioration  in  performance  when  the  crew  underwent  total  sleep  lose  for  three 
nights  (114). 

The  inability  of  the  Gemini  IV  eras  to  adapt  to  the  theoretically  and  experimentally  considered  best  work- 
rest  Schedule,  4/4,  further  illustrates  the  general  failure  of  past  attempts  to  modify  man’s  basic  #/l6  work- 
rest  rhythm  (237,  Pp.  172-173;  152,  Pp.  175-177;  114). 

This  monograph  was  prepared  with  an  attempt  to  provide  sufficiently  organized  information  on  sleep  loss  and 
human  performance  to  point  up  empirical  facts  which  appesr  necessary  snd  to  emphasise  where  theoretics! 
reformulation  is  aandstary.  This  isonogrsph  started  also  with  the  tacit  agreement  that  sleep  loss  has  been  a 
serious  issue.  There  is  no  elaborate  effort  made  herein  to  convince  readers  that  sleep  deprivation  constitutes 
operational  problems-  For  that  conviction,  readers  are  referred  to  Unit  Report  No.  oit-22,  Navy  Medical 
Neuropsychlstrlc  Research  Unit,  San  Diego,  California  92152. 


II.  TOTAL  SLE.TP  LOSS 


The  various  procedures  for  keeping  subjects  awake  are  generally  not  fully  described.  A  customary  procedure, 
however,  is  to  keep  i  21-hour  continuous  surveillance  over  the  subjects  by  a  teas  of  experiment  era .  Die  lack  of 
privacy  under  this  condition  is  unavoidable.  While  brief  eye  closures  were  usually  tolerated,  the  subjecle  are 
quickly  awakened  when  eye  closures  are  associated  with  head-bobbing  or  chin  resting  upon  cleat.  Standing  or 
walking  subjects  are  assumed  to  be  awake,  even  when  their  eyea  are  almost  completely  closed- 

Finding  effective  techniques  to  keep  subjects  awake  often  teat  experimenters'  ingenuity.  Fur  total  aleep 
loss  of  less  tK.n  4£  hours,  reading,  writing,  matching  TV,  listening  to  the  record  player,  playing  cards,  working 
on  Lobby-crafts,  ping-pong  playing,  and  other  recreational  activities  are  generally  effective  in  keeping  subjects 
awake.  For  much  longer  periods  of  aleep  deprivation,  a  long  welk  and  an  intermittent  exposure  to  c.ld  are  found 
to  be  relatively  effective.  However,  with  loaa  of  aleep  longer  than  100  hours,  only  continuous  proddinga  by  the 
experimenters  cow’d  keep  the  subjects  "awake." 

Effects  of  Total  Sleep  Loss  on  Performance 

The  first  study  on  acute  total  aleep  loss  was  conducted  by  Hetrick  and  Gilbert  (243)  of  the  University  of 
Iowa  in  1896.  Physiological  and  psychological  observations,  such  aa  reaction  time,  pain  threshold,  visual  acuity . 
and  memory  for  nonsense  syllables  were  made  on  three  subjects  who  stayed  awake  for  90  hours.  The  observed 
di-sdations  in  test  performance  were  not  reliable.  Since  this  study,  many  papers  have  been  published  on  the 
effects  of  total  sleep  loss  on  human  performance  but  aoat  of  the  early  studies  failed  to  discover  predictable 
and  consistently  detrimental  effects  of  lose  of  total  sleep  on  performance.  Indeed,  the  only  reliable  change, 
so  a  result  of  total  sleep  loss,  was  subjective  in  attitude  (111).  Such  lack  of  total  sleep  loaa  effects  on 
performance  was  surprising,  considering  h <w  sleepy  the  subjects  were  outside  the  testing  rooa. 

Robinson  and  Herman  (261)  kept  three  subjects  awake  far  65  hours  and  tested  then  on  hand  grasping,  tapping, 
aiming,  reading  letters,  and  merits'  multiplication.  Theee  subjects  ware  tested  once  a  day  for  11  to  26  days 
before  sleep  deprivation,  and  far  4  to  S  days  after  deprivation.  The  experimenters  concluded  that  insomnia 
did  not  affect  teat  results  in  any  amrked  oar  consistent  manner.  Lack  of  performance  decrement  was  ascribed  to 
an  increased  amount  of  effort  by  the  subjects.  Laalett  (173  and  174)  conducted  total  sleep  loss  experiments 
of  up  to  72  hours  to  determine  the  effects  on  teste  of  repeating  12  digits  backward,  coda,  and  analogy. 

Results  of  these  teats  were  inconclusive  due  to  the  compensatory  effort  aide  by  the  subjects.  Robinson  and 
Harman  (261)  indicated,  huwaver,  tlmt  complex  and  longer  tasks  wsrs  affected  more  by  sloep  loaa.  Welskottsn  (812) 
stayed  twake  tor  62  hours,  during  which  time  ha  taatad  himself  in  lwrr.ing  and  ra-lasrning  nonsense  syllables. 

Hla  conclusion  wac.thst  moderate  aleep  deprivation  had  littls  affect  on  accuracy  and  th*  chief  deterioration 
va ■  found  in  the  power  of  concantration. 

Before  sleep  deprivation  studies  wars  able  to  produce  consistent  and  replicable  sets  of  results,  ssjcr 
refinements  in  the  methods  of  hsndling  parforasnee  data  ware  necessary.  In  tha  new  point  of  viaw,  the  absence 
of  responses,  not  the  et  tted  responses,  became  •  aajor  target  of  reeearch.  In  cwitrait  to  tha  earlier  hypothesis 
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which  emphasised  accuracy  of  performance,  this  new  approach  streaaed  that  the  ever-increasing  number  of  abaencea 
or  pauaea  in  a  subject's  reap^nses  mi  the  aajor  behavioral  symptom  of  aleep  deprivation.  Each  brief  episode  of 
"no  reapaise”  constituted  perfanance  decrement  due  to  sleep  loss.  Jhe  absence  of  an  appropriate  response,  or 
"lapse,”  ms  predicted  to  increase  in  frequency  and  in  duration  with  increasing  amounts  of  Bleep  lose.  This 
approach  recognised  that,  even  after  extender  aleep  deprivation,  there  retained  alMys  a  period  of  tine  during 
which  the  aleep  deprived  subjects  would  l«rfora  accurately,  regardless  of  how  brief  and  intermittent  this  lucid 
period  alght  bee one  with  acciaulating  hours  of  sleep  deprivation.  Any  performance  measures,  e.g.,  accuracy, 
which  could  not  pin-point  these  brief  periods  of  lapse,  would  be  inable  to  uncover  the  effects  of  sleep  depri¬ 
vation  on  performance. 

Investigators  at  Walter  Reed  Army  Institute  of  Research  were  instrumental  in  pointing  out  the  importance 
of  thia  lack  of  response  (229).  Hence,  this  new  approach  ms  labelled  'Valter  Reed  Lapse  Hypothesis."  The  use 
of  "lspse"  ss  s  measure  of  performance  degradation  ms  not,  however,  originated  by  this  group.  Patrick  and 
Gilbert  (243)  described  the  failure  of  one  of  their  subjects  to  memorize  the  digits  because  of  his  inability 
to  focus  his  attention.  They  called  such  failure  a  'Vind  of  cental  lapse."  Bills  (23)  noted  that  blacks 
occurred  in  mental  task  performances.  Bills  also  found  that  the  frequency  and  duration  of  these  blocks  increased 
with  fatigue  and  that  errors  tended  to  occur  at  the  time  of  these  blocks.  He  concluded,  after  detailed  studies 
of  these  blocks  nr  lapses,  that  they  were  involuntary  rest  periods  which  delayed  the  start  of  fatigue.  Warren 
and  Clark  (306)  applied  thia  concept  of  blocking  to  r  sleep  loss  study  to  determine  if  mental  work  could  be 
blocked  and,  if  so,  would  the  F.ock  be  similar  to  that  caused  by  fatigue.  After  65  hours  of  total  sleep  loes, 
all  four  subjects  in  this  teat  showed  an  increased  number  of  blocks  on  tasks  of  alternate  addition  and  subtraction 
and  on  color-naming,  but  they  did  not  shew  an  increased  blocking  in  their  perfornmnees  of  the  finger  tapping  task. 
The  errors  in  mental  arithmetic  and  color-naming  had  no  apparent  relationship  with  hours  of  sleep  deprivation. 

For  both  the  aleep-deprived  and  control  subjects,  however,  errors  tended  to  occur  at  the  time  of  blocking. 

Bjerner  (24)  studied  blocks,  or  the  periods  of  lowered  reactive  capacity  which  serve  as  involuntary  rest  with 
recuperative  effect*  from  fatigue,  in  five  subjects  who  stayed  eMke  for  two  nights.  Simultaneously  with  each 
aubject'a  performance  on  a  aelf-paced  aerial  reaction  teat,  he  obtained  electroencephalogram  (EEC's)  and 
electrocardiograms  (EKC'a).  He  observed  that  those  responses  which  had  more  than  twice  the  average  reaction  time 
were  accompanied  by  a  transient  fall  in  pulse  rate  and  a  decrease  in  EEG  alpha  activity.  For  those  responses  with 
a  reaction  time  nf  S  seconds  or  longer,  the  period  mi  characterized  by  brief  sleep  —  EEG  alpha  disappeared  and 
mi  replaced  by  delta,  aleep  apindlea,  and  K-complex.  Carmichael  and  his  associates  (111)  noted  in  their  susmary 
of  the  World  W*r  II  study  at  Tufts  College  on  fatigue  and  sleep  deprivation  that  the  basic  deterioration  of 
per f oraa nee  ms  not  due  to  a  loss  of  a  particular  skill  but,  rather,  due  to  periodic  blocking. 

In  1956,  the  Walter  Reed  group  undertook  a  aeries  of  studies  on  sleep  loss  and  performance  designed  to 
evaluate  "teats  far  their  sensitivity  to  sleep  loss,  and  to  construct  teats  that  would  be  resistant  to  sleep  loas” 
(339).  Blending  their  results  from  fatigue  and  total  sleep  loss  led  to  the  formulation  of  four  predictions  which 
hsve  become  the  core  of  the  Walter  Reed  Lapse  Hypothesis.  They  are: 

(1)  Sleep  deprived  subjects  show  brief  intermittent  lapses.  These  lapses  increase  in  frequency  and  duration 
as  hour*  of  sleep  loss  Increase. 

(2)  Certain  fketars  in  a  teat  situation  tend  to  alert  the  subject, 


thus  preventing  or  shortening  these 


lapses.  Some  example*  of  the  alerting  factor*  would  be  (a)  the  Bseeive  sensory  stimulation  cauaed  by  physical 
exercise,  electric  shock,  loud  nolae,  adrenergic  drugs,  etc-,  (b)  uncertainty,  (c)  feedback  of  information  upon 
the  quality  of  performance,  and  (d)  task  change. 

(3)  Autoattic  response  sequences  are  relatively  resistant  to  sleep  loss. 

(4)  »ny,  but  not  all,  tests  will  be  affected  by  diurnal  rhythm. 

The  lapse  hypothesis  ha*  been  effective  in  focusing  attention  on  the  aspect*  of  task  performances 
Influenced  dost  by  total  sleep  loss  and  in  explaining  some  of  the  performance  decrements  due  to  sleep  loss. 

It  ahould  be  noted,  however,  that  Williams  himself  (SIS)  recently  raised  a  question  dealing  with  the  merit  of 
holding  onto  and  continuing  to  use  the  lapse  hypothesis.  Hi lliana  et  al  (33S)  ealntain  that  hypotheses,  other 
than  the  lapse  hypothesis,  would  be  required  to  explain  the  effects  of  sleep  loss  on  the  recall  test  and  on  the 
uncertainty  of  the  task.  The  lapse  hypothesis  cannot  predict  sluggishness  in  the  information  processing  as 
revealed  by  the  fact  that  tasks  with  a  high  degree  of  uncertainty  of  information  were  mare  affected  by  trtal  sleep 
loss.  The  lapse  hypothesis  also  cannot  specifically  predict  the  impairment  of  temporary  memory  storage  due  to 
total  aleep  looa. 

The  lapse,  in  context  of  total  sleep  lose  research,  best  swear  lies  a  variety  of  situations  In  which  there 
are  absences  of  the  motor  responses  needed  to  perform  the  task  or  there  are  intermittent Jes  In  motor  performance. 

In  other  words,  the  concept  of  lapse  would  offer  us  a  shorthand  language  for  describing  errors  of  omission, 
absence  of  adequate  motor  responses,  and  for  describing  responses  with  long  reaction  time. 

Specific  Disks  Sensitive  to  Total  Sleep  Lose 

Addition  Disks 

An  adding  task  can  be  tailored  to  detect  total  aleep  loss  by  either  increasing  its  complexity,  ite  duration, 
or  both.  Willis ns  et  el  (341)  found  that  a  completely  self-paced  3 -minute  paper -end-pencil  task,  consisting  of 
adding  pairs  of  one-digit  mothers,  resulted  in  a  significant  decrease  In  the  number  of  addltiona  attempted  after 
38  hours  of  sleep  loss.  But  the  accuracy  of  addition  was  not  affected  to  the  same  degree  even  after  a  total 
sleep  loee  of  68  hours.  Wilkinson  (318)  asked  subjects  to  add  a  liet  of  five  two-digit  numbers  for  2S  minutes 
and  later  he  extended  the  period  of  thie  teak  to  ona  full  hour  (338).  Whan  the  performance  aaaaure  mi  the 
nuabsr  of  additions  attempted,  sleep  loss  of  only  5  hours  influenced  the  performance  detrimentally,  i.s.,  the 
maker  of  sumaatlon*  attempted  decreased.  An  experimenter-paced  addition  task  was  reported  by  Willises  and 
bub in  (340).  In  thie  tsek  e  pair  of  dlglta,  which  subjects  ware  to  add,  were  tspe-racordsd  and  presented  at 
one  pair  par  2  aeconda,  one  pair  per  1^  sac and* ,  an*  pair  per  1^  seconds,  and,  finally,  one  pair  per  1  second. 

With  an  Increase  in  the  needier  of  addltiona  to  bo  completed  per  wit  of  time,  the  effect  of  two  nlghte  of  aleep 
loee  was  reliably  demonstrated  as  a  decrease  in  th*  maker  of  additions  coeplstsd.  While  this  "spsad  leading" 
of  addltiona  aada  the  tank  aenaitive  to  alter  loaa,  the  aama  tuthters  obeerved  that  "cognitive"  loading  would  alao 
enhance  the  eenaitivlty  of  the  teak  to  total  alaep  loee.  In  what  the  authora  called  a  two-etap  teat  of  addition, 
ouhjacta  ware  instructed  to  add  a  constant  of  I  to  each  sue  just  obtained  without  any  paper  and  pencil.  A  pair 
of  dlglta  waa  presented  every  2  aeconda.  Under  this  cognitive  loading  —  becauae  adding  8  wee  executed  entirely 
by  thinking  without  externa  I  praaptlngs  —  th*  adding  teak  *•»  able  to  reveal  a  aleep  loaa  of  an*  night. 

Vlillanct  Task* 

On*  of  th#  vigilance  tasks,  which  can  be  used  either  In  visual  or  auditory  node,  la  the  Continuous  Parfowanct 
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Task  (CPT)  devised  by  Roevold  and  his  group  (267)  far  brain  daaagc  study.  In  the  visual  node  of  the  CPT,  the 
subject  saw  the  letters  in  a  random  sequence  one  at  a  tine  on  a  viewing  screen.  The  task  was  to  press  the 
response  key  whenever  the  letter  X  appeared  on  the  screen.  In  the  auditory  made  of  the  CPT,  the  subject 
responded  to  a  tape-recorded  voice  reading  a  list  of  letters,  including  X.  Another  version  of  the  auditory 
CPT  required  the  subject  to  press  a  response  key  if,  and  only  if,  the  letter  X  was  preceded  by  the  letter  A. 
Approximately  io  minutes  on  either  the  auditory  or  visual  CPT  was  euff  tient  to  detect  sleep  loss  of  roughly  SO 
hours  by  measuring  errors  of  omission,  i.e. ,  the  failure  of  the  subject  to  report  each  occurrence  of  the  letter 
X  or  X  preceded  by  A.  The  auditory  and  visual  CPT  were  task-paced  or  experimenter-paced,  whereas  a  paper-end- 
pencil  version  of  the  CPT  task  was  a  subject-paced,  X-crossout  task  in  which  the  subject  was  instructed  to  cross 
out  the  letter  X  wherever  it  appeared  in  a  nonsense  word  with  as  much  speed  and  accuracy  aa  the  subject  could 
comaand. 

Another  form  of  tbe  visual  vigilance  task  is  the  Pentagon  Test  which  consists  of  a  display  panel  of  five 
different  colored  lights  in  a  pentagonal  configuration.  The  center  of  the  pentagon  ie  5  feet  above  the  floor 
and  8  feet  from  the  seated  subject.  The  subject  waa  trained  to  press  a  response  key  each  time  the  red  light 
flashed  on  and  to  refrain  from  pressing  the  key  when  all  other  colored  lights  came  on.  The  rate  of  light 
presentation  was  1  per  second.  Thirty  light  presentations  were  grouped  to  make  one  teat  set.  Eight  lights  out 
of  one  set  of  30  lights  were  red  signal  lights.  Three  different  kinds  of  constraints  were  placed  an  the  manner 
of  red  signal  light  presentation.  In  the  Redundant  Pentagon  Test  (R  task),  the  red  light  was  presented  in 
succession,  as  red,  red,  red,  far  eight  tinea.  In  the  Standard  Pentagon  Teat  (S  task),  the  red  signal  light 
appeared  with  as  much  randoanees  aa  the  letter  X  in  the  CPT  of  Roevold.  The  red  light  appeared  in  a  fixed 
sequence  with  other  colored  lights  mixed  in  a  random  fashion.  After  practice,  the  subject  could  learn  such 
sequence  with  same  accuracy.  In  the  Uncertain  Test  (U  task),  the  red  light  appeared  with  as  much  randoanees 
aa  possible.  Thus,  the  S  task  contained  more  inforaation  per  stimulus  then  the  R  task.  The  U  task  contained 
the  moat  information  per  stimulus,  forcing  the  subject  to  be  nore  vigilant  and  take  mare  time  in  hie  processing 
before  hie  decision  to  press,  or  not  to  press,  the  reeponse  key.  The  uncertainty  factor  introduced  in  the  S 
and  U  tasks  waa  observed  to  enhance  ite  sensitivity  to  the  effects  of  loss  of  total  sltep  by  measuring  tha 
percentage  of  emission  errors  made  by  a  subject  after  two  nights  of  sleep  loaa  (341  and  39S). 

The  auditory  vigilance  task  of  Wilkinson  (331)  involved  a  detection  of  an  infrequent  and  irregular  burst 
of  sound,  givan  at  the  rate  of  40  signals  per  hour.  The  oubjact  heard  a  ^-second,  non-signal  tana,  repeated 
every  2  seconds.  Occasionally,  one  of  these  tones  was  slightly  shorter  in  duration  than  tha  reat  and  tha 
subject  was  to  detact  that  tone.  Both  signal  and  non-signal  background  tonaa  ware  burled  in  an  intents  white 
nolaa  to  r under  tha  task  nore  difficult.  With  normal  and  non-slaap-daprlvad  aubjacta,  practice  resulted  in 
roughly  70  par  cant  successful  detection.  With  this  teaming ly  staple  method,  Wilkinson  waa  able  to  ntaaure 
tha  affects  of  roughly  three  hours  of  sleep  loaa  occurring  during  a  single  night. 

nwma,  am  an» 

A  five-choice  test  of  aerial  reaction  waa  used  ly  Wilkinson  in  aany  of  hla  studied  (323).  One  lnstruamntad 
version  of  tha  five-choice  aarlal  motion  tast  —  a  modification  of  tha  aethod  of  Leonard  (131)  —  consisted 
of  a  stimulus  panel  and  response  penal.  On  tha  stimulus  panel  wars  five  lights  arranged  in  a  pentagon.  At 
one  time,  one  of  the  five  light  diaca  would  be  lighted.  The  subject  responded  by  tapping  a  corresponding 
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disc  on  the  response  panel  with  a  special  stylus.  As  soon  as  the  subject  responded)  the  stimulus  panel  light 
was  extinguished,  but  another  disc  on  the  panel  came  on,  indicating  the  beginning  of  the  next  trial.  No 
restriction  was  imposed  on  speed  of  response.  In  this  self-paced  task,  a  measure  of  the  gap  —  the  period  of 
no  response  —  was  found  to  be  very  sensitive  to  total  sleep  loss.  If  the  duration  of  the  task  was  longer  than 
SO  minutes,  the  task  was  able  to  detect  30  hours  of  sleep  loss. 

Bjerner  (24)  also  used  a  serial  reaction  task  to  show  sensitivity  to  total  sleep  loss. 

Memory  TSska 

By  using  an  immediate  recall  test,  Williams,  Gieseking,  and  Lubin  (33S)  and  Williams  and  Williams  (343) 
demonstrated  what  was  Interpreted  as  a  deficiency  in  memory-trace  formation  after  31  hours  of  total  sleep 
lose.  The  Ward  Memory  Test  consisted  of  tape-recorded  lists  of  words  which  were  selected  from  the  AA  category 
in  the  Thorndike-Large  Ward  List.  In  this  test,  each  ward  was  pronounced,  spelled,  and  then  was  followed  by 
a  10-second  interval  of  silence  during  which  time  the  subject  wroti  the  ward  down.  After  the  entire  list  of 
25  words  had  been  presented,  the  subject  corrected  any  spelling  errors  or  amission  errors  with  the  assistance 
of  the  experimenter.  Lnsediately  after  making  hia  corrections,  the  subject  wrote  down  all  the  wards  he  could 
recall  in  any  sequence  on  a  blank  piece  of  paper.  Under  theae  conditions  of  minimal  rehearsal  and  inmedlate 
recall,  Ward  Memory  Teat  measured  a  short-term  memory. 

Although  memory  impairments  after  total  loss  of  sleep  were  reported  often  (243,  313,  and  82),  no  detailed 
study  of  the  effects  of  sleep  loss  an  memory  processes,  i.e.,  sensory  registration,  formation  of  the  memory- 
trace,  its  storage,  and  the  retrieval  of  the  trace,  was  mads  until  the  work  of  Williams,  Gieseking,  and  Lubin 
(335). 

In  contrast  to  abort-term  memory  impairment,  Williams  and  Kla  group  (335)  found  no  definite  Impairment 
of  long-tarn  memory  after  34  hours  of  total  sleep  loss.  A  test  for  evaluating  long-term  memory  impairment 
involved  recognition  of  25  previously  sham  identification  photographs  out  of  75  such  pictures  obtained  from 
S  1944  Army  yearbook. 

Bucking  leaks 

Pursuit  motor  tracking  tasks  wart  used  by  Pspler  (247)  while  Mlno  and  8urwlllo  (203)  used  the  auditory 
compensatory  intensity  farm  of  tracking  task.  In  the  latter  study,  the  subject  use  trained  to  turn  a  control 
knob  until  a  1,000  Ik  tana  could  not  be  heard  in  the  earphones.  Each  task  trial  was  6  minutes  long,  followed  by 
a  1 -mi nuts  rest  period.  With  a  deterioration  of  tracking  performance,  heater  colls  on  tbs  lags  became  warm  to 
provide  an  added  incentive  for  the  subject  to  batter  his  performance  as  • avers  deterioration  in  his  psrforssncs 
could  result  in  painfully  intense  hast  (204).  Tan  task  trials  wars  performed  in  each  one  hour  experimental 
session.  Tracking  performances  wars  not  lapalrsd  after  50  hours  of  total  aleop  losa. 

The  resistance  of  tracking  taska  to  aloop  losa  effects  Is  not  punllng  as  the  subjects  era  usually  over¬ 
trained  in  routines  of  tracking  tasks,  receive  imwdiits  feedback  of  thslr  r  as  pones,  and  the  task  duration  la  vary 
short,  those  conditions  of  war- learning,  knowledge  of  the  result,  and  shortness  of  tbs  task  duration  asks 
tracking  taska  vary  resistant  to  total  sleep  loss  affects.  Figure  2.  shows  the  tracking  errors  of  four  subjects 
on  a  unldlasnalocsl  compensatory  tracking  task.  The  subjects  stood  one  at  s  tlas,  In  a  seal -darkened  quiet  rooa, 
and,  from  a  distance  of  3  fast,  visaed  a  target  circle  of  1  cm.  In  diameter  displayed  on  •  3  inch  oscilloscope. 
Shown  also  on  the  scope  was  a  2  ms.  diameter  light  spot  which  was  driven  vertically  over  a  6  cm.  course  by  a 


sinusoidal  signal  from  a  lw  frequency  function  generator.  Hie  subjects  vere  trained  to  keep  the  spot  of  light 
at  the  center  of  the  target  circle  by  manipulation  of  a  hand-held  thumb-wheel.  With  compensatory  movements  of 
the  thumb-wheel ,  the  oecilloscope  showed  only  the  voltage  difference  between  the  tracking  signal  and  tracking 
response,  l.e.,  a  moment -to-moment  display  of  the  tracking  errors.  The  task  difficulty  was  easily  changed  by 
varying  the  frequency  of  the  tracking  signal  from,  for  example,  0.2  Ik  to  0.3  lb.  Subjects  were  not  penalised 
for  excessive  tracking  errors,  and  the  quality  of  tracking  performance  wee  left  entirely  to  the  aubject.  The 
upper  section  of  Figure  2.  defines  the  tracking  errors  by  showing  the  actual  tracking  record  of  subject  H-  H. 

This  record  shows  a  lapse  or  inability  of  roughly  20  seconds  duratlor  in  tracking  the  signal  on  channel  2. 

During  thla  period  of  lapse,  the  tracking  errors  Increased,  as  they  should,  to  100  per  cent  as  shown  In  channel 
3.  The  lower  section  of  Figure  2.  Illustrates  two  facets  of  the  total  sleep  lose  effects  on  tracking  perform. nee- 
Firstly,  there  Is  increaeed  tracking  error  after  total  aleep  loss  of  100  hours  or  more.  This  was  In  spite  of  the 
built-in  ruggedness  of  the  tracking  task.  Secondly,  the  tracking  err ore  consisted  of  two  klnos:  1)  a  complete 
absence  of  the  tracking  (i.e.,  lapse),  and  2)  deteriorated,  poor  tracking.  An  long  as  the  subjects  were  able  to 
respond,  they  performed  well,  Indicating  that  the  skill  of  tracking  was  not  affected.  Records  marked  at  R1  and 
R2  In  Figure  2.  were  taken  after  one  and  two  nights  of  recovery  sleep  and  show  some  effects  of  residual  aleep 
Iocs  on  performance. 

Figures  3.  through  10.  show  results  of  the  aleep  deprivation  study  now  In  progress  under  laverne  C.  Johnson 
and  Ardle  Lubin  of  the  Navy  Medical  Mauropaychiatrlc  Research  Unit,  San  Diego,  Cellfarnla.  These  figures  describe 
the  most  ccenonly  used  tasks  which  have  been  tailored  for  their  sensitivity  to  total  slaep  loss.  In  the  figures, 
the  x  axle  la  identified  by  the  days  of  the  experiment.  The  teak  aeaalons  wars  held  at  approximately  the  same 
time  each  day,  and  labellad  as  baseline  data  (baseline  day  1,  B1  through  B4,  slaep  deprivation  data  (after  alaep 
loss  of  one  night,  Dl;  two  nights,  D2),  and  recovery  day  data  (Htl,  FR2,  R3,  and  R4).  Tt<e  type  of  sleep  the 
subject*  were  allowed  after  two  nights  without  alaep  differed.  If  the  subjects  were  assigned  to  Group  S,  their 
first  and  second  recovery  aleep,  after  34  hours  of  total  sleep  loss,  was  interrupted  by  the  experimenter  so  that 
they  received  no  alow  wav*  aleep  (the  aleep  stage#  III  and  IV).  Stbjects  In  th*  R  Group  were  deprived  of  REM 
eleep.  The  C  Group  aubjecta  enjoyed  ^interrupted  alaep  after  total  alaep  loss.  Setting  aside  the  rational  far 
such  experimental  slaep  Interruption  for  a  moment,  the  reader's  attention  Is  directed  to  the  effect*  of  loss  of 
total  alaep  an  the  performances  of  th*  subjects ■ 

Figure  3.  shat*  th*  preliminary  raaults  of  a  pa  par -and- pane  11  teat  devised  and  designed  by  Vi  U  lam  and  hla 
group  (US)  prtmrtly  for  tasting  th#  aubject  'a  ability  to  ratals  10  coamonly  uaed  words  over  a  brief  period  of 
time-  Each  teat  uea  adadnlatarad  in  oaactly  the  mm  manor  as  th*  Word  Memory  Teat  of  William-  Ike  results 
•bowed  that  significant  decreases  in  words  recalled  altar  a  total  alaep  lam  of  em  night  and  two  bights  war* 
observed.  Evan  though  the  nmber  of  aubjecta  was  mall  (M  •  10),  the  effects  of  sleep  lam  on  short -term  memory 
wars  significantly  detrimental. 

figure  4.  shorn  th*  remits  of  a  task  par  for  maos  requiring  addition  of  five  two-digit  lumbers  for  on*  hour. 
The  subject*  war*  told  to  comprte  as  may  additions  aa  possible  without  sacrificing  accuracy  In  addle*.  Remits 
revealed  that  both  the  mnbar  and  accuracy  of  add  it  ism  dacl  *d  significantly  with  total  simp  lorn,  the  A  Group, 
in  which  subjects  ware  not  a  leap  deprived,  continued  to  tapreve  its  perform  nr*.  1h«*  auggoatod  the  proaanea  of 
th*  practice  effect . 

figure*  1,  »,  and  7.  illustrate  the  perforasace  results  of  amtal  addition  took,  Plus  7.  This  task  was 


performed  for  50  consecutive  minutes.  During  the  task,  the  subject  reclined  comfortably  in  bed  with  electrodes 
attached  to  him  which  monitored  brain  waves  (EEG's)  and  autonomic  variables  while  simultaneously  recording  his 
adding  taak  performance.  The  subject's  eyes  were  kept  closed  throughout  the  session.  Near  at  hand  was  a  response 
panel  which  could  be  operated  by  pressing  one  of  10  keys.  On  baseline  day  1,  the  task  began  with  the  subject 
adding  1  to  7  while,  at  the  same  time,  pressing  response  panel  keys  1  and  7,  respectively.  To  the  response  panel 

total  of  8,  he  was  then  instructed  to  add  mentally  another  7  far  a  newly  computed  figure  of  IS.  Throughout  the 

test,  the  sii>ject  was  instructed  to  continue  adding,  pressing  the  response  keys,  and  mentally  computing  in  this 
manner.  If  the  subject  lost  his  place  in  his  mental  addition,  he  could  either  start  ewer  again  from  the  beginning 

or  could  go  back  to  the  last  aia  he  could  remember.  Figure  5.  is  a  polygraphic  record  of  subject,  J.V.,  5  minutes 

after  the  start  of  the  Plus  7  taak  performance  on  hia  last  baseline  day,  M.  The  two  EEG's  (Cx-A2  and  01-A2)  shew 
clear  alpha  waves.  The  four  autonomic  variables,  SP  (akin  potential),  HR  (heart  rate),  FP  (finger  pulse),  and 
Reap  (respiration),  are  shown  oo  the  four  polygraph  channels  immediately  below  the  EEG's.  The  result  of  the 
continuous  mental  addition  is  recorded  an  the  last  channel  labelled  TASK.  By  measuring  and  interpreting  the 
heights  of  the  pulses  recorded  on  the  TASC  channel,  the  manner  in  which  the  subject  performed  his  mental  additions 
could  be  determined.  In  Figure  S.,  within  a  period  of  30  seconds,  six  additions  were  attempted:  403  +  7,  410  +  7, 
417  +  7,  and  ao  on.  Figure  6.  illustrates  the  task  perforasnee  for  the  same  subject  but  after  two  nights  of  total 
slsep  loaa.  During  this  perforasnee  be  finished  only  three  additions,  407  +  7,  417  +  7,  and  421  ♦  7,  within  the 
30  second  period.  His  performance  reveals  a  considerable  amount  of  irregularity,  l.e. ,  lapse,  in  the  pace  of  his 
addition.  Associated  with  these  lapses  were  dlaceranble  gaps  between  digital  key  responses  to  414  and  4  —  21 , 
poor  alpha  rhythms  in  the  EEC's,  high  amplitude  and  poorly  regulated  finger  pulses,  and  shallow,  slow  respiration 
patterns. 

Figure  7.  shows,  an  tbs  y  axle,  the  number  of  hay  .rasponsam  which  reflect  roughly  the  number  of  mental 
additions  performed  by  the  subjects.  All  three  group*  which  underwent  sleep  deprivation  show  significant  doer  mar nt 
in  the  Maher  of  responses.  A  strong  practice  effect  is  evident  in  tbs  data  from  Group  A. 

Results  of  aa  X  cromaout  taak  are  shown  in  Figure  3.  The  purpose  of  this  pa  per -end- pone 11  teat  waa  to 
assure  tbs  iwnhsr  of  tiara  the  subject  could  cross  out  the  letter  X  Imbedded  in  tlx;  nnaraes  words.  This  ora 
boar  test  consisted  of  s  booklet  of  11,000  10-lettar  aeaaanra  wards,  160  wards  to  s  page,  aad  34  words  to  a 
colon.  Twelve  of  tbs  M  words  in  rack  solan  coots  load  the  letter  X.  The  location  of  X  within  oech  coinn  waa 
rand  no  A  different  booklet  woe  used  every  day.  The  total  anker  of  aeaewra  words  dsts  ted  <n  40  alnutra  aad  the 
percent  ago  of  c  err  set  earrellattora  of  tbs  letter  X  were  refused  after  total  sloop  loos,  la  other  words,  all 
edhjmeta  la  the  C,  t,  sad  I  threaps  sera nod  significantly  fewer  masses*  words  aad  rad*  mars  errors  hy  mlosiag 
tbs  X  after  total  sleep  lose. 

Fignrra  *.  mad  10.  show  two  aspects  of  the  sera  audit  ary  vigilance  taak.  The  pray  ns  of  this  task  was  to 
dot  steins  the  subject's  ability  to  detect  aa  aadttery  at  train  while  oapgod  la  a  eemtiaosus  count  lag  taak. 
fraperatlcn  ef  tbs  nhjsrt  waa  slant  the  sera  as  tint  far  tbs  Fin  7  Irak,  accept  that  the  subject  was  replied 
to  toast  turn  »  bask  ts  1  by  prwalag  tbs  oorraopeadlag  bays  af  tbs  lo-bsy  yawl  ceatlawlly  tbmugbswt  a  *©- 
adaata  yarlod.  Mblla  be  as  count  lag,  a  disk  urns  gives  t  trough  aa  ayllflr.  lbs  a*Jwt  waa  ts  tad  loots  ha 
had  heard  tbs  signal  by  yrsraiag  tbs  mar*  hay  w  tbs  yawl  ones.  Ms  than  rumrad  coast  lag-  Hart  waa  a  total 
of  M  sUehs,  gin  at  irregular  intervals,  darlag  tbs  10  ad  ran  asaadsa.  The  wen  far  the  eeatlamsra  count  tag 
aaa  the  total  ranker  of  alaHtra  spaa  la  « seat  tag  witbsmt  a  pg,  ar  lapse,  af  t.l  semis  ar  mat*.  The  auditory 
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vigilance  test  was  scored  on  the  percentage  of  clicks  the  subject  detected.  Total  sleep  loss  lowered  the  subject's 
ability  to  perform  this  task  significantly. 

Factors  Influencing  Task  Sensitivity  to  Total  Sleep  Loss 

Why  are  some  tasks  sensitive  to  total  sleep  loss?  What  factors  are  responsible  far  asking  such  tasks 
sensitive  to  total  sleep  loss?  Seven  factors  have  been  identified  but  only  a  few  are  well-conflraed  experimentally. 
The  seven  identified  factors  are: 

(1)  Duration  of  task 

The  longer  the  task  is>  the  more  sensitive  it  la  to  tctal  sleep  loss.  A  total  sleep  loss  of  SO  hours  causes 
impairment  to  the  subject’s  performance  during  a  continuous  visual  vigilance  task  after  only  3  minutes.  After  70 
hours  of  total  sleep  lass,  performance  will  be  affected  on  s  task  with  a  duration  of  2  minutes  (341).  Wilkinson 
(321  and  328)  observed  that  total  sleep  loss  of  one  night  had  no  appreciable  effect  on  task  performances  during 
the  first  5  minuter  on  his  five-choice  test  of  serial  reaction,  vigilance,  and  addition.  However,  c leer-cut 
performance  deterioration  emerged  when  the  perfarasncea  were  evaluated  after  a  15-minute  task  session. 

(2)  Knowledge  of  results 

By  immediately  feeding  back  to  the  subject  information  on  how  well  he  had  performed  esch  task  at  the  time 
of  execution,  Wilkinson  (321)  observed  that  a  total  sleep  loss  of  30  hours  did  not  appear  to  impair  performance 
of  the  five-choice  serial  react  ion  and  vigilance  test.  This  lssadiate  feedback  of  quality  of  task  per far nonce 
appears  to  mini  mite  the  effects  of  total  sloop  lass. 

(3)  Difficulties  of  tssk 

Performances  at  difficult  tasks  are  sore  sensitive  to  loss  of  total  sleep.  A  simple  tssk,  such  as  addition, 
can  bt  sods  vary  difficult  by  asking  the  subject  to  add  quickly,  Willises  end  Lubin  (340)  confirmed  the  affect 
of  this  increase  In  difficulty.  Their  results  showed  that  mortal  addition  at  a  rate  of  ant  addition  per  2  seconds 
did  not  reveal  the  effects  of  two  nights  of  sleep  loos,  but  by  increasing  the  spaed  of  addition  to  one  addition  to 
every  1.23  seconds,  i.e. ,  a  SI  per  cant  speed  Increase,  sleep  loss  of  two  nights  wss  detected. 

(4) 

The  self -paced  took  can  resist  sleep  loss  affects  such  better  than  tbs  work-paced  teak.  An  example  of  the 
*e If- paced  task  U  the  five-choice  test  of  tarUl  reaction  used  by  Wilkinson  (111),  In  this  tssk,  tha  subject 
controlled  when  and  how  rapidly  he  responded  to  the  stimulus.  The  subject  worked  at  a  pecs  he  could  c  owned. 

By  esylag  that  the  aelf-pneed  task  could  resist  the  offsets  of  total  sleep  loss,  doss  not  laply  that  a  self* 

I  me  log  tssk  Increased  the  overall  hsssn  efficiency  of  tbs  sleep  deprived  subject's  per  for  Mote.  In  the  self- 
paced  task,  Is pass  could  prevent  the  esnpietlsn  of  a  task  by  causing  the  subject  to  lose  his  pises  esstally 
but,  as  soon  as  ha  eons  out  af  the  lapse,  he  could  again  reawn  tha  task  by  picking  up  kta  chain  of  thought. 

Thus,  in  me  If -paced  tasks,  the  offsets  of  total  sissy  loos  could  show  up  ia  Increased  oeounte  of  ties  needed  to 
complete  the  taska,  although  thors  would  bo  fewer  errors  of  otiaoioe  sad  ptffflfWVt  accuracy  would  resala  high, 
I.e.,  as  improve!  hsaa  reliability,  tines  there  are  as  definitive  studies  os  the  mechanises  of  self-psclag  to 
task  performance,  so  firm  set  tost  as  <a  added  efficiency  sad  reliability  by  self -pacing  can  be  ylveti. 

Newly  acquired  ski  lie,  each  aa  those  involved  la  drtviag  a  ear  by  a  parson  who  bos  Jest  passed  bis  driver's 
test  for  the  first  time,  would  be  sore  affected  by  Isas  of  total  steep  them  those  skills  which  bees  became  almost 
mutant  lc  or  second  sat  we. 


II 


(6)  Task  comrlexltv 

The  more  complex  the  teak  ia,  in  term*  of  a  complicated  chain  of  mental  operation*  and/or  of  an  orderly 
execution  of  complex  muacular  act lv it lea,  the  more  likely  it  is  to  be  sensitive  to  loss  of  total  sleep. 

Wilkinson  ahwed,  for  example,  that  a  10-choice  card  sorting  task  was  affected  more  than  a  lea*  complex  4-choice 
one  after  to  hours  of  total  sleep  loss  (326). 

(7)  theory  requirements 

Any  task  which  needs  a  short -term  memory  chain  will  be  affected  by  loss  of  total  aleep  (337).  The  beet 
drasatic  example  of  sleep  deprivation  on  memory  was  given  by  $.  t.  A.  Marshall  in  his  description  of  paratroops 
who  were  dropped  in  Moraandy  (200,  p.  87). 

In  euaasritlng  the  factors  influencing  task  aanaltivlty  to  total  sleep  loss,  it  was  found  tint,  regardless 
of  the  task  performed,  the  long,  work-paced,  complex  task  which  does  not  provide  Infaraatlon  to  the  subject  on 
how  well  he  is  performing  can  be  expected  to  show  higher  sensitivity  to  total  sleep  loes. 

Hmever,  there  are  two  major  classes  of  non-task  Actors  which  also  influence  the  outcome  of  tot  el  sleep 
loss  on  purfanmnce.  They  are: 

(1)  Psychological  factors: 

(a)  High  interest.  Ar  and  hi*  colleague*  (12)  suggested  that  interesting  tasks  resist  the  effects  of 
loss  of  total  sleep.  Wilkinson  observed  that  task  pet  for sauces  usually  deteriorated  to  some  extent  after  20  hour* 
of  total  aleep  loo*.  The  battle  game,  devised  by  Wilkinson  (326),  waa  so  interesting  to  tailors  they  could  work 
on  the  game  far  am*  hour  without  thawing  the  effect*  of  over  80  hours  of  total  sleep  loss. 

(b)  Motivation-  While  tasks  of  high  interest  nasally  haw*  as  Inherently  high  motivational  value,  a 
distinction  between  high  interest  end  motivation  should  be  nds.  For  exaaple,  a  aerial  learning  task  which  asy 
hava  anil  Interest  to  the  subject  can  bacon*  highly  motivating  If  hi*  parfonawcaa  are  monitored  by  his 
supervisor.  Ax  and  his  associate*  (12)  repotted  that  mw  of  the  high  motivation  tasks  showed  significant 
performance  decrements  after  a  sleep  lose  of  ow  night,  but  moot  of  the  low  motivating  tasks,  such  aa  unmonl toted 
sustained  attention  task*  c caponed  of  pursuit,  reaction  time,  aad  clock  tacts,  resulted  in  poor  performances. 

In  geoaral,  then,  a  higher  motivation  say  cowtartct  the  affects  of  total  slaap  loss,  but  there  ia  a  point  beyond 
which  a  certain  anew*  of  sleep  debt  and  the  shear  need  for  elaap  will  averwhtla  even  the  subject 'e  willingness 
to  work  (Ml). 

(e)  mHMUtx.  Wilkies  on  (»!*)  reported  on  the  lack  of  reUttiooahip  botwooa  accres  on  the  psychological 
teste  of  introversion  emt  rovers  ion  end  asmretietss  of  Ifiwl  and  tha  degree  of  perf aments  dagrsdatioa  in  the 
five  chato  teat  ef  aerial  react ioa  after  total  slaap  lass  sf  as*  night.  Corcoran  (St)  sfeearved,  however,  that 
mtr  everts  vara  effected  mar*  than  iatrovarta  Ip  lass  af  M  haws  ef  sleep,  m  aeeaund  hy  a  pursuit  tracking 
task  ia  which  n  naive  tracking  error*  were  patched  hy  land  ante*. 

Although  than  an  tone  etwdiee  which  Uahad  pcraceid  papefcati*  react  lew  Suriag  total  slaap  doprivetloa  t* 
a  pro  —hid  paraeaaUty  that  existed  prior  t*  total  sloop  loot,  ao  doftaitive  ctvdiea  we  avaitabia  so  interact  ion 
af  pereoaaltty  aad  affects  af  fatal  slaap  da  privet  ioa  (128  aad  *64). 

(d)  tomtal  mmrlaum  of  alaaa  leas-  Wilkiaaaa  (Ml)  up  art  ad  that  repeat  od  ispscerss  ta  lass  of 
total  alasp  larrmed  tha  affect*  a?  such  slaap  ins  la  tanas  ef  task  perfaruaarua. 

(#)  halmvlatal  seriadlrltx.  A  severity  af  effert*  of  total  slaap  tees  depends,  is  part,  ea  the  tlaa  of 
day  that  -ananas  af  parfiusanri  an  <MtM.  flu*  la  da  t#  a  behavioral  periodicity.  Reap  deprived  evhjerts 


1* 


will  look  quite  na. «•  1  and  perform  very  well  in  the  early  afternoon  when  moat  of  them  lave  peak  behavioral 
efficiency,  but  the  aame  aubjecta  will  reveal  a  marked  deterioration  in  their  performance  in  the  very  early 
morning  when  aleep  loaa  effects  combine  with  unuaually  law  behavioral  efficiency.  Sleep  loaa  itaelf  nay  tend  to 
enhance  periodicity  in  behavioral  efficiency,  although  evidence  far  enhanced  periodicity  ia  available  only  for 
EEC,  data  (92).  Ignorance  of  behavioral  periodicity,  which  may  have  been  enhanced  by  loea  of  total  sleep,  waa 
undoubtedly  a  factor  in  thoae  atudiea  which  misinterpreted  an  improvement  of  performance  during  a  period  of 
total  aleep  deprivation  (111).  If  the  aeaaurei  of  performance  were  taken  at  different  times  of  tha  day,  they 
would  reflect  the  effects  of  increasing  sleep  debt  as  well  aa  behavioral  periodicity. 

(2)  Situational  factors: 

(a)  Physical  exercises.  Physical  exercises  Juat  prior  to  performing  the  tasks  helped  resist  the 
decrement  of  performance  caused  by  loss  of  total  sleep  (320).  It  ehculd  also  be  noted  that  the  only  sure  way 
of  staying  awake  for  many  sleep-deprived  subjects  waa  to  take  a  walk.  This  Indicates  the  Impotence  of  continuous 


activity  to  muscles. 

(b)  Noise.  A  noise,  e.g.,  90  to  loo  decibels  of  white  noise  in  an  open  field,  lessened  the  eifecta  of 
total  aleep  loss  on  perforaancaa  of  auditory  vigiUnca  and  on  the  five-choice  teat  of  serial  reaction  ( 5''  and 
(323). 

(c)  Temperature.  A  moderate  ambient  teaperature  of  30.S°C  (STF)  did  not  Increase  the  effects  of  total 
sleop  loaa  (347).  Occasional  cold  at r eases,  e.g.,  laeersing  the  feet  in  ice  cold  water  and/or  alcohol  rubs  with 
an  elactric  fan  blowing  air  onto  the  subject,  helped  combat  frequent  spells  of  extreme  sleepiness  (242).  There 
are  no  conclusive  data  an  the  interactions  of  outran  hast  or  cold  on  effects  of  total  slaep  deprivation  on 
perforaancaa  (3M). 

(d)  frygg-  Amphetamine  appea-e  to  be  tha  only  effective  drug  which  has  bean  vi<My  used  in  restating 
the  efractg  of  total  sleep  loss  (T*i,  142,  174).  In  the  study  by  Kornetaky  jt  gl,  oral  Intakes  of  1$  ig.  demtro- 
aaphetanina  almost  halved  the  behavioral  impairment  cauaed  by  e»  hours  without  tie*,,  un  the  work-pmeed  vigilance 
task.  The  deortrm-aapbet amine  mt  effective  in  cumpteiely  eliminating  teal!  effects  of  aleep  loaa  which  occurred 

in  self-paced  tasks,  impending  upon  the  dotage,  alcohol  mi  found  to  counteract  the  efiect  of  total  aleep  loss 
(330). 

^  mMW  IttWHiiq-  *Vl'°*(4  »nd  Inert  gas  narcosis  (especially  nitrogen  narcosis)  by  •’•naim 
produead  performance  degradations  which  were  quite  elalUr  to  the  effects  of  total  sleet  loss.  %  pom  la  and 
Ine.t  gae  narcosis  aay  potential,  the  effects  of  total  aleep  loaa  on  perforemncaa,  although  such  content  Ion 
haa  net  yet  been  studied  eeper imeotally . 


111.  PARTIAL  HOT  LOSS 


Partial  sleep  loss  weans  that  the  subject  has  shorter  hours  of  sleep  In  a  24-hcur  period.  But  there  are 
infinite  tays  to  achieve  partial  sleep  loss  and  the  aethodological  problem  involved  in  the  study  of  partial 
sleep  deprivation  are  asny  and  couples.  Because  the  subject  does  get  soae  sleep,  saae  of  the  probleus  are: 

1)  the  detection  of  ainor  effects  of  partial  sleep  loss  on  perforaancs,  2)  the  infinite  variationa  possible 
in  Kjurs  the  eibject  should  be  allated  to  sleep  at  one  tine,  and  S)  the  used  to  know  sleep  patterns  and  habits  of 
the  stbject  veil  enough  so  that  partial  sleep  deprivation  is  equally  effective  froa  subject  to  subject.  In  the 
latter  case,  for  exaaple,  a  deprivation  of  $  hows  of  sleep  aaane  quite  a  different  degree  of  sleep  disturbance 
for  a  subject  who  noraelly  sleeps  only  6  to  7  hours  as  coopered  to  a  subject  who  it  a  long  sleeper  that  sleep* 

9  or  aore  hours. 

The  etper inenter  Mat  decide  hex  tony  hours  of  sleep  will  be  allowed,  st  whit  tiae  in  the  24-bour  period 
such  sleep  will  take  place,  and  whether  or  not  the  subject  will  be  allowed  to  take  all  sleep  in  a  single  stretch 
or  in  segments,  i.e.,  fractionated  sleep  or  tony  "naps."  Jonas  and  Oswald  (131)  foind  two  healthy  insoanur 
sibjecta ,  each  of  whoa  required  only  3  hours  of  slssp  in  a  24-hour  period.  Thus,  the  need  for  careful  exanln- 
ation  of  sibjecta  in  terns  of  thtir  sleep  patterns  should  be  esphe sited. 

Per  fores uce  under  fertlel  Sleep  Lose 

lbs  earliest  partUl  sleep  dsprivetion  stu*  was  by  my  amth  (3M)  who  used  the  Nrftagell  dotting  task, 
the  associated  word  task,  speed  of  tapping,  and  learning  and  re-leem'—  ..onaenae  eyllablse.  taith  served  aa 
tbs  sbjeet  sad  practiced  these  tasks  five  days  s  week,  except  during  vocations,  for  a  period  of  over  throe  yeere 
to  sots  Wish  her  Venal  variation.*  Her  daily  experiment  to«  conducted  at  'hpproe  lately  the  sea  tine  of  the 
dtp.*  lbs  Sc  Dougs 1  dotting  task  ackia  as  a  Vcfeenlcnl  device  whereby  a  contiaaous  head  of  paper  tape 
ebe«  1  Inch  wide  it  drawn  behind  an  opening  or  window  in  the  top  of  the  desk  ty  s  weight-eriven  clock-work 
nnvanem.*  to  this  bend  of  paper  war*  sail  red  circlae  sad  the  ackiw  tot  adjusted  to  •  speed  a  the  circles 
feaetd  the  field  of  vision  at  M  circles  par  second.  The  task  as  for  the  subject  to  dot  these  circle#  ae  they 
psawd  by.  Bsitk  redaed  her  hours  of  sleep  ewer  three  coneecwtive  eight#  to  lfc  hours,  ^  hoare,  end  ty  hswre, 
relatively.  The  reealt*  of  this  partial  sleep  deprivation  were  Utter  natal  records,  ar  records  ahswiag  eoa 
tapeevsaant.  ttewewer,  ha  dots  shewed  tlgniflosatly  large  sad  persist  tag  dsm  meats  ie  psefotuaaco  during 
rsteveey  days  following  the  partial  sleep  lees. 

bee,  Jeaklat,  and  Barker  (Ml)  tested  eeeculnr  efficiency  fey  wing  e  head  %■— Btap  ee  f scale  subjects 
uha  slapt  twee  H  beers  seek.  Ikqr  foeal  that  the  larger  the  eShJecte  slept,  the  better  rare  the  Vsad- 
hreseeaetei  pee  fores  sees,  la  tbs  saae  year,  BSfeisaaa  sad  Richardses  tab  mesa  (W)  redaced  the  hours  of  sleep 
ever  three  cans  restive  nights  in  IB  subjects  sad  fmad  that  tap  Alpha  score*  ante  net  effected  fey  each  prut  tel 
sleep  lean,  in  »*»,  laird  end  kbeeler  (172)  csadm-tid  ae  rep  m  Unat  etMler  to  that  of  my  tadtfc.  three  eshjerte 
ebartensd  their  sleep  by  1  hears  sightly  for  e  wash.  The  tarb  awed  in  this  etedy  mi  aental  netttplleetiea  of 
three  digit  naabere  ky  three  digit  matt  art,  the  Mttjects  practiced  fur  several  weeks  fee  for*  tbs  partial  sleep 
lace.  After  s  «ek  of  Skertened  sleep,  each  subject  could  solve  tbs  prvbleee  in  lees  tier  then  previously  wed 
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with  undiminislied  accuracy  —  but  with  more  expenditure  of  energy.  Laslett  (174)  performed  a  partial  sleep  loaa 
experiment  on  four  subjects  whose  sleep  was  shortened  by  40  per  cent  of  no  row  1  for  five  consecutive  nights. 

The  results  indicated  a  lojs  in  efficiency  of  performance. 

In  the  appendix  of  a  popular  book  on  sleep,  laird  and  Muller  (171)  described  their  study  or:  partial  sleep 
loss.  The  experiment  called  for  the  subjects  on  the  first  night  to  be  awokened  after  one  hour  of  sleep;  the 
second  night  after  two  hours  of  sleep;  after  three,  "then,  four,  five,  six,  then  six  again,  then  five,  followed 
by  four,  three,  t.io,  and  one.”  This  schedule  was  chosen  to  avoid  the  pract  ice  effect,  if  there  were  such.  To 
"return  sleep  function  to  par,”  on  off-nightc  sufficient  hours  of  sleep  were  allowed,  T^ta  were  collected  only 
two  nights  per  week,  and  none  of  the  shortened  liourt  of  sleep  occurred  on  consecutive  night*.  Healthy,  active 
college  men  were  subjects.  These  aen  practiced  the  tasks  for  a  month  before  the  time  of  actual  experiment  to 
avoid  apy  additional  improvement  on  task  performance  which  might  occur  during  the  partial  sleep  loss  experiment. 
The  first  of  the  tasks  was  a  staple  reaction  tine  task.  The  subjects  were  seated,  and  warned  twice  by  the 
experimenter '■  "ready"  and  "now."  These  words  were  followed  by  a  click.  Each  siiject  responded  to  the  click 
by  pressing  a  telegraph  key.  After  4  hour*  of  sleep,  the  reaction  time  performance  was  such  that  additional 
sleep  brought  no  further  improvement .  Thus,  laird  and  Muller  concluded  that  four  hours  "in  bed"  each  night 
would  be  adequate  if  the  subjects  desired  to  sustain  their  reaction  speed.  The  second  task  was  aimed  at  muscular 
coordination  and  balance  by  measuring  the  body  sways  when  eyes  were  closed,  arms  outstretched,  and  l he  knees  were 
held  close  together.  After  4  hours  of  sleep,  the  subjects  demonstrated  as  much  muscular  coordination  at  they 
had  after  a  full  night  of  sleep.  Urn  color  discrlai nation  task,  aatthing  the  staple  color  with  e  mixed  color 
by  using  e  color  mixer,  showed  that  only  one  hour  of  sleep  was  needed  to  bring  their  ability  to  Mtch  the  colors 
to  the  level  achieved  after  e  full  night  of  sleep.  The  fourth  task  involved  an  ergograptic  task  of  lifting  u 
t.i  P<hxw)  weight  by  the  middle  loft  finger  until  the  subject  was  completely  exhausted.  The  subjects  fatigued 
a*  quickly  after  4  hours  of  deep  as  after  one  hour  of  aleap.  In  dot  courting,  the  last  task,  Uird  sod  Muller 
observed  that  "greatest  taprovamaot  appeared  between  the  first  end  second  hourr,  and  every  added  hour  of  sleep 
brought  added  ieprovement . "  In  suamary,  the  Uird  sad  Muller  rtt^y  indicated  the  adequacy  of  4  hov.ri  of  deep 
for  staple  task  performances. 

Omm ke  (134)  examined  bedy  awaye  and  number  of  digit  rrneaouta  in  five  subjects  who  ware  awakened  on 
successive  night*  after  I,  4,  4,  or  I  hours  of  sleep  body  sways  were  worms  after  only  J  to  4  hours  of  sleep 
but  7  to  4  hours  of  sleep  ware  too  abort  to  leprous  ability  to  cross  out  digits.  Van  Qreer  (loo)  tested  two 
subjects  who  attsapted  to  aiaorue  Mate  of  If  anas  salt  qr  liable*  after  1,  T,  4,  or  t  hoars  of  sloop,  hr  found 
that  rettar'ea  after  4  boars  *•  as  good  as  after  I  bears  of  sleep,  but  tbit  ret eotloe  after  t  boars  of  aleap 
ass  definitely  poor  sad  did  set  differ  Pros  the  capability  of  ret  ratios  after  no  sleep  at  ell. 

bet  of  the  etudieo  cited  taoee  .ora red  relatively  abort  periods  cf  partial  sleep  deprivation.  There  ere, 
howraor,  o  few  stidios  m  long-tors  partial  deprivation  of  aleap.  freemen  and  his  wife  (*4)  served  ea  the 
edhject  sad  the  watcher  for  It  cemeecsttv*  dap*,  the  eeoust  of  deep  use  varied  to  include  eovwa  poring#  of 
10,  I,  4.  or  4  boars  of  sleep  fee  every  M  hover,  the  nmel.ai (<*i  of  finger  oscillation  end  the  taebo  of 
performing  d  leer  (si  set  Sun  reaction,  minus  1  psrmmif ,  sad  noway  open  were  given  twice  doily,  at  *  a.s.  anc  7  p.a. 
The  results  chewed  that  performance  retained  at  spyrestaately  Ike  same  level  uf  achievement  as  that  attained  prior 
to  the  partial  deprivation  of  Sleep  study.  Ibotand  (171),  using  „  ib»  subject,  underwent#  month  of 
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examined  head  steadiness,  d ircri.-i:-*  -' -<»i,  .iynamonieter  testing,  caxd  sorting,  body  tecjirature,  rojirat  ion  rate, 
pulse  rate,  blood  pressure,  metabolism,  body  weight,  and  blood.  None  of  these  showed  changes.  He  found  that 
his  work  capacity  and  aptitude  were  unimpaired  and  he  felt  well.  However,  Husband's  findings  Bust  be  contrasted 
to  the  fractionated  partial  sleep  loss  study  that  Kleitmen  (152,  p.  313)  reported  on.  deitman's  two  subjects 
slept  for  tvo  2^-hour  periods  that  were  separated  by  a  4-hour  period  of  wakefulness.  Both  subjects  reported  'h 
very  low  capacity  for  work  during  the  4-hour  interval  separating  the  two  sleeps." 

Kebb  and  Ageev  (310)  used  eight  subjects  who  slept  3  hours  per  24-hour  period  for  8  consecutive  days. 

The  tasks  used  were:  1)  "a  paced  addition  test”  in  which  each  subject  added  a  pair  of  single  digits  presented 
at  the  rate  of  tvo  digits  every  2  seconds  and  then  added  8  to  the  just  obtained  suj,  2)  'Tan  X  test"  in  which 
each  subject  listened  to  tape  recorded  letters  and  pressed  a  signal  button  each  tine  he  heard  X,  and  3)  a 
Pentagon  Tbsk  in  which  the  subject  pressed  a  signal  button  each  tine  a  critical  red  light  was  flashed  on  one  of 
the  five  positions  arranged  in  a  pentagon.  The  results  Indicated  that  performances  deteriorated  only  after  the 
seventh  aid  eignth  night  but  these  degradations  of  p«a  "oreance  were  "neither  uniform  nor  fully  consistent." 

While  Wilkinson  published  preliminary  results  in  1966,  be  later  reported  an  extended  study  involving  24 
subjects.  In  these  latter  studies  (329),  an  attempt  was  made  to  detect  minor  changes  in  performance  resulting 
from  a  reduction  of  sleep  from  7^  to  5,  3,  2,  1  or  zero  hours  after  two  consecutive  nights.  From  7:45  a.m. 
to  10:35  p.m.,  auditory  vigilance  and  addition  tasks,  alternately,  were  used  with  usual  rest  periods  interspersed. 
The  experiment  called  for  each  subject  to  sleep  short  hours  fer  tvo  nights  (Tuesday  and  Wednesday)  every  week  for 
6  weeks,  leaving  the  rest  of  the  week  to  normal  sleeping  hours.  The  full  details  of  partial  sleep  loss  on  the 
adding  task  were  not  included  in  Wilkinson's  papers  but  tbe  details  of  vigilance  performance  were  given  in  a 
context  of  signal  detection  theory,  i.e.,  statistic  d  (intrinsic  capacity  to  discriminate  the  signals)  and 
statistic  beta  (willingness  to  report  signal  detection).  By  using  tasks  which  were  tailored  for  maximal 
sensitivity  to  small  loss  of  sleep,  Wilkinson  succeeded  in  detecting  a  decrease  in  percentage  of  signal  detection 
after  5^  hours  of  sleep  lose.  In  other  words,  a  partial  sleep  loss  after  one  night  in  which  each  subject  slept 
only  2  hours.  Wilkinson  stated  that  vigilance  perforaance  was  nut  significantly  impaired  until  sleep  was  reduced 
to  2  hours  or  less.  After  two  nights  of  curtailed  sleep,  be  found  that  perforaance  was  significantly  impaired 
when  sleep  was  shortened  to  less  than  5  hours. 

Usually,  partial  deprivation  of  sleep  was  accomplished  by  limiting  the  hours  of  sleep  in  each  24-hour  period. 
However,  partial  sleep  loss  can  be  achieved  by  rei tricting  the  hours  of  sleep  over  a  48-hour  period  or  a  72-hour 
period.  meatman  (152,  Fp.  175-177)  described  two  subjects  who  slept  8  hours  at  night  but  only  after  they  had 
stayed  awake  39  tc.  40  hours,  i.e.,  50  per  cent  partial  sleep  loss  over  a  48-hour  period.  Two  subjects  were  on 
this  schedule  of  a  "48-hour  day"  for  15  periods  or  30  days,  tarked  sleepiness,  low  work  capacity,  and  low 
efficiency  were  observed  during  the  first  night  of  each  48-hour  day.  Hence,  Kleitmnn  concluded  that  twice  the 
usual  24-hour  day  would  be  unsuitable  to  sustain  performance.  On  the  other  hand,  Oswald  (237,  Pp.  172-173) 
reported  on  two  subjects  who  went  through  a  similar  routine  of  "saved"  sleep  for  a  period  of  one  month.  One  of 
the  subjects  felt  less  well  than  usual  while  the  other  felt  well  and  adapted  to  this  extended  sleep-wakefulness 
cycle  without  impaired  work  efficiency. 

Pertinent  to  the  study  of  partial  sleep  loss  and  performance  were  three  published  papers  which  agreed,  in 
general,  that  reduction  of  sleep  hours  resulted  in  alterations  in  the  kinds  of  sleep  the  sitjects  obtained  dur’ng 
their  limited  hours  of  s'eep.  What  were  the  kinds  of  sleep?  In  1957,  Dement  and  Kleltman  (74)  described  the 
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stages  of  sleep  in  nan,  and  their  classification  has  been  widely  accepted  (259).  They  found  there  were,  in  human 
subjects,  five  reliably  identifiable  stages  of  sleep,  1,  2,  3,  4,  and  REM  (Figure  11.).  Sleep  Stages  1  through  4 
were  characterized  by  the  appearance  of  moTe  and  Bore  high  amplitude  slow  brain  waves,  representing  generally  an 
incressing  order  of  deepening  sleep  as  measured  by  the  arousal  threshold.  Stage  f£M,  l.e.,  a  period  of  rapid 
eye  movement,  was  characterised  by  low  voltage  brain  waves  and  was  reported  subjectively  as  the  dreaming 
experience.  Some  of  the  studies  on  sleep  physiology  indicated  a  possible  duality  of  sleep  from  Stage  REM  to  NREH 
(no.r-rapid  eye  movement)  sleep  (13S). 

Wat  was  the  usual  sleep  pattern?  According  to  Williaas,  Agnev,  and  Webb  (34S),  16  Bale  subjects,  age  21  to 
31  with  a  aean  age  of  24.2,  usually  had  on  the  average  of  24  per  cent  REM,  49  per  cent  Stage  2,  and  21  per  cent 
Stages  3  and  4  combined,  of  sleep  during  the  night.  When  hours  of  sleep  were  reduced,  did  the  subjects  still 
obtain  the  comparable  proportions  of  these  sleep  stages  as  they  would  have  in  their  full  night's  sleep?  Simpson 
(272)  woke  six  subjects  up  for  three  consecutive  nights  after  about  2^  hours  of  sleep.  Be  found  that  more  Stage 
REM  tended  to  squeeze  into  their  curtailed  hours  of  sleep.  Also  noted  in  his  study  were  the  shortened  REM  latency 
and  an  evidence  of  competition  between  REM  and  NAEM  sleep.  Under  this  shortened  sleep,  the  subjects  were  not 
specifically  deprived  of  NREM  sleep,  but  the  recovery  night  sleep  showed  more  NREH  sleep  and  that  REM  time 
compensation  ms  delayed.  Dement  and  Greenberg  (71)  curtailed  the  sleep  of  two  subjects  by  2^  to  3  hours  every 
night  for  six  consecutive  nights.  They  fotnd  little  or  no  increase  in  Stage  4  sleep  during  the  partial  sleep 
deprivation  but  a  very  curious  increase  in  Stage  4  was  observed  during  recovery  nights.  They  repeated  the  same 
experiment  with  two  different  subjects.  Partial  loss  of  sleep  ms  conducted  for  three  consecutive  nights  only. 

They  found  again  that  there  was  no  Stage  4  increase  during  the  shortened  hours  of  sleep  but  a  rebound  was  noted 
on  recovery  nights.  Webb  and  Agnev  (310)  permitted  each  of  eight  subjects  to  have  only  three  hours  of  sleep 
for  8  consecutive  days.  They  found  that  the  pattern  of  shortened  sleep  ms  far  different  from  what  had  been 
expected  of  the  miniature  edition  of  the  usual  sleep  pattern.  A  comparison  of  the  first  3  hours  of  the  baseline 
sleep  with  the  3-hour  sleep  period  indicated  the  shortened  sleep  had  significantly  more  Stage  4  sleep,  whereas 
there  ms  less  Stage  2,  and  the  Stage  REM  began  to  show  up  aore  during  this  shortened  sleep.  Despite  the 
abundance  of  slow  wave  sleep  observed  during  the  shortened  sleep  periods,  a  Stage  4  increase  was  noticed  in 
sleep  on  recovery  nights. 

Therefore,  the  proportions  of  given  sleep  stages  were  altered  by  simply  limiting  the  hours  of  allowed  sleep. 

In  other  words,  a  change  in  the  kind  of  sleep  resulted  from  Halting  the  quantity  (hours)  of  sleep.  Webb  and 
Agnev  (311)  have  contributed  a  clarification  of  how  partial  sleep  deprivation  caused  these  chaises,  not  only  in 
the  duration  of  sleep  (which  they  attempted  to  alter  by  deprivation  of  sleep)  but  also  in  the  kind  (quality)  of 
sleep. 

(tie  of  the  interesting  observations  of  these  investigators  was  the  fact  that  the  succession  of  sleep  stages 
over  a  night's  sleep  ms  not  entirely  random.  It  was  definitely  cyclic  and  extremely  stable  within  an  individual's 
sleep,  indicating  a  strong  stability  in  intra-subject  sleep  pattern.  Commonly  this  pattern  ms  constructed  so 
that  70  per  cent  of  sleep  Stage  4  occurred  during  the  first  third  of  the  night,  whereas  sleep  Stage  REM  occurred 
predominantly  in  the  last  third  of  sleep  (Figure  12.).  Thu  cyclic  "time  of  the  night"  effect,  with  respect  to 
the  kind  of  sleep,  was  found  to  resist  attempts  to  modify  it  by  changing  sleep  habits. 

The  presence  of  persistent  and  strong  intra-sleep  cycling  of  sleep  stages  has  complicated  research  on  partial 
sleep  loss.  Tlie  implications  'if  stable  sleep  cycles  were  not  fully  explored  until  the  works  of  Webb  anil  Agnev . 
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In  addition  to  the  usual  "tine  of  the  night"  cycling  of  sleep  stages,  Webb  and  Agncat  (311)  suggested  a  presence 
of  siatilar  sleep  cycling  over  a  24-hour  period.  In  other  words,  the  kind  of  sleep  one  got  in  the  norning,  at 
noon,  or  in  the  afternoon  would  differ  due  to  this  24-hour  cycling.  A  warning  nap  would  be  closed  to  the  last 
third  of  nocturnal  sleep  in  its  sleep  stage  proportions  than  a  late  afternoon  nap  which  would  be  closed  to  the 
sleep  found  during  the  first  third  of  the  night  in  its  proportion  of  sleep  stages. 

Then,  it  would  be  reasonable  to  assuae,  until  shown  otherwise  by  experiments,  that  the  shorter  the  hours  of 
sleep  permitted  for  non-chronic  partial  sleep  deprivation  subjects,  the  greater  the  sleep  Stage  REM  deprivation 
would  be.  This  apparently  selective  deprivation  of  the  sleep  Stage  KM  with  partial  deprivation  procedure  was 
utilised  by  Wilkinson  (329)  to  explain  the  effects  of  partial  deprivation  of  sleep  on  the  statistical  d  and  beta 
natures  of  auditory  vigilance.  Wilkinson  concluded  that  the  alow  wave  sleep  had  more  to  do  with  the  capacity  to 
diacriainate  and  that  REM  sleep  was  closely  tied  with  willingness  to  report  the  signal  detection. 

Many  sleep  researchers  are  concerned  with  the  changed  quality  of  sleep  due  to  partial  sleep  loss  because  they 
assuae  that  each  stage  of  sleep  has  unique  biological  and  psychological  functions.  Such  concern  with  the  sleep 
stages  would  be  well  taken  if  certain  stages  of  sleep  are  Indeed  critical  in  oaintainiug  buwan  task  performance. 
However,  at  this  wonent  the  fraction  of  sleep  stages  is  far  from  being  clear-cut  and  auch  rare  research  is 
necessary  before  a  definite  conclusion  can  be  drawn  on  the  biological  and  psychological  necessities  of  each  sleep 
stage. 
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IV.  SELECTIVE  SLEEP  LOSS 


Unlike  the  total  and  partial  sleep  deprivations,  selective  sleep  loss  does  not  occur  in  its  purest  fora  in 
our  normal  daily  routine.  Selective  deprivation  of  sleep  stages  can  be  seen  only  as  a  result  of  laboratory 
interruption  of  sleep. 

Selective  sleep  deprivation  is  the  withholding  of  a  particular  stage  of  sleep.  Hence,  in  the  Stage  REM 
deprivation,  the  sifcject  will  be  prevented  from  getting  REM  sleep  by  his  being  awakened,  although  he  is  pemittcd 
to  obtain  all  other  types  of  sleep.  Figure  13.  is  a  polygraphic  record  of  the  transition  period  from  sleep  Stage 
2  to  REM.  The  top  two  channels  are  left  and  right  eye  movements  (electrooculographic)  channels.  Electromyographic 
(EMC)  activity  on  and  beneath  the  chin  is  shown  on  channel  3.  Three  EEG  leads  are  shown  on  the  4th,  Sth,  and  6th 
channels,  respectively.  All  of  these  were  referred  to  the  opposite  ear.  Autonomic  variables  of  skin  potential 
(SP),  heart  rate  (HR),  with  its  calibration  in  beats  per  minute,  and  finger  pulse  (FP)  are  recorded  on  cliannels 
7,  8,  and  9.  With  the  onset  of  Stage  REM  sl-.-ep ,  there  va3  "concomitant  appearance  of  relatively  lew  voltage, 
mixed  frequency  EEG  activity  and  episodic  REM"  (259,  p.  7).  Also  there  was  a  diminished  tonic  mental-submental 
EMG.  Thus,  the  subject  could  be  aroused  from  his  sleep  to  prevent  him  from  REM  stage  sleep  at  the  points  narked 
by  either  4  dots  or  6  dots. 

Selective  sleep  stage  deprivations  were  attempted  in  two  ways;  either  deprivation  of  sleep  Stage  REM  or 
deprivation  of  sleep  Stages  3  and  4,  i.e.,  slow  wave  sleep  (64,  70,  139,  272,  65,  2,  3,  and  347).  Stage  1  and 
2  deprivations  were  not  attempted  because  such  withholding  would  have  interferred  with  the  subject  getting 
permissible  sleep  under  the  stage  deprivation  schedule.  The  combination  of  two-stage  deprivation,  e.g., 
deprivation  of  both  REM  and  slow  wave  sleep,  remains  untried. 

The  underlying  basis  for  any  selective  sleep  deprivation  study  is  a  conviction  that  each  stage  of  sleep  may 
have  a  unique  function  whose  lack  will  result  in  a  heightened  "press"  for  a  selectively  deprived  sleep  stage. 

It  has  been  shown  after  selective  sleep  stage  deprivation  that  sleep  Stage  REM  or  slow  wave  sleep  increases  or 
"rebounds"  over  pre-deprivation  level  during  the  nights  of  recovery  sleep.  Figure  14.  illustrates  a  rebound 
in  the  first  recovery  night  (R3)  after  two  nights  of  total  sleep  loss  and  two  nights  of  deprivation  of  slow 
wave  sleep. 

The  rebound  effect  after  selective  sleep  deprivation  indicated  that:  1)  a  lack  of  REM  or  slow  wave  sleep 
could  not  be  compensated  for  by  other  sleep  stages,  and  2)  REM  and  slow  wave  sleep  could  be  interpreted  as 
providing  unique  yet  undefined  functions  for  human  organisms. 

Performance  under  Selective  Sleep  Loss 

A  study  of  selective  sleep  deprivation  of  slow  wave  or  Stage  REM  in  six  subjects  for  seven  consecutive 
nights  showed  no  performance  decrement  as  measured  by  the  paced  addition,  the  strength  of  grip,  or  the  pursuit 
rotor  task  (3  and  347).  Although  there  had  been  obviously  successful  stage  deprivation  in  these  studies  as 
judged  by  amounts  of  rebound  during  recovery  night  sleep,  a  lack  of  performance  degradation  was  observed.  In 
contrast  to  the  overall  lack  of  performance  decrement  because  of  selective  sleep  loss,  either  REM  or  slow  wave 
sleep,  a  majority  of  studies  on  selective  deprivation  shewed  a  variety  of  not  too  r> liable  changes  in  the 
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psychological  functions  of  man.  Although  Kales  and  his  associates  (139),  for  example,  failed  to  observe  psychic 
changes  as  a  result  of  REN  deprivation.  One  comaon  feature  of  selective  sleep  stage  deprivation  was  that 
psychological  changes,  if  there  were  any,  occurred  only  after  a  relatively  long  period,  e.g.,  roughly  one  week  (68). 
Psychological  testing  must  be  extensive  before  psychological  changes  due  to  selective  sleep  loss  can  be  detected 
(273).  Thus,  in  the  Williams,  Agnew,  and  Webb  study  (347),  the  personality  changes  of  the  subjects  were  measured 
by  the  Minnesota  Nultiphasic  Personality  Inventory  (IMPI),  the  Pensacola  Z  Scale,  the  Tyler  Manifest  Anxiety 
Scale,  and  Cattell's  16  tt  Test.  These  investigators  foimd  that  during  Stage  4  deprivation  "the  subjects  became 
physically  uncomfortable,  withdrawn  and  less  aggressive,  and  manifested  conce.n  over  vague  physical  complaints 
and  changes  in  bodily  feelings  —  hypochondriacal  reaction"  (347).  However,  during  REM  deprivation  the  subjects 
became  less  well-integrated  and  less  interpersonally  effective.  Clemens  and  Dement  (34)  used  a  variety  of  tests, 
including  the  color-word  test,  Walsh  Figure  Preference  Test,  Hotsnan  Ink  Blot  Test,  TAT-styled  pictures,  Nowlis- 
Green  Hood  Check  List,  and  others,  on  six  subjects  who  underwent  six  nights  of  REM  deprivation  and  six  nights  of 
Non-KEM  deprivation.  They  found  that  the  REM  deprivation  caused  "an  Increase  in  need  and  feeling  intensity  with 
a  drop  in  certain  ego-control  functions."  In  other  words,  selective  sleep  stage  deprivation  of  the  relatively 
long  duration  of  seven  days  caused  "distinct  unhealthy  changes  in  the  personality  profiles"  (347). 

If  there  are  performance  tasks  which  are  detrimentally  effected  by  those  mood  and  personality  changes,  as 
observed  upon  occasion  after  selective  sleep  stage  deprivation,  intensive  study  uist  be  taken  to  detect  such 
degradation.  However,  the  literature  on  selective  sleep  loss  has  been  very  consistent  in  not  finding  any  task 
performance  deterioration.  The  results  of  studies  at  the  Navy  Medical  Neuropsychiatric  Research  Unit  with 
Laverne  C.  Johnson  and  A.  Lubin  (Figures  2.  through  Figure  10.)  confirmed  a  similar  lack  of  performance 
degradation  due  to  selective  sleep  stage  deprivation.  In  that  series  of  experiments,  the  subjects  were  deprived 
of  total  sleep  for  two  nights  to  create  sufficient  amounts  of  sleep  debt  resulting  In  definite  performance 
degradation.  Then,  for  two  nights  the  subjects  were  divided  Into  groups;  Group  A  was  permitted  to  sleep  8 
uninterrupted  hours  (the  Control  group);  Group  S  was  deprived  of  slow  wave  sleep,  while  Group  R  was  deprived  of 
REM  sleep.  Thus,  counting  the  total  sleep  loea  of  two  nights,  the  subjects  in  Group  8  had  actually  4  nights  of 
sleep  without  slow  wave  sleep  and  the  Group  R  subjects  had  4  night*  of  REM  deprived  sleep.  In  terms  of  perfor¬ 
mances  in  immediate  recall,  addition,  Plus  7,  X  crosaouta,  continuous  counting,  and  auditory  vigilance,  the 
selective  aleep  stage  deprivations  did  not  cause  performance  degradation. 

In  1963,  Flaher  suamrlsad  that  tha  REM-deprived  subjects  (hawed  disturbances  in  motor  coordination 
(droppliy  small  objacte),  In  aeaury  (forgetting  appointments),  difficulty  in  concentration,  and  a  few  others. 

Tbeae  psychological  changes  are  not  fully  substantiated  by  latsr  studies,  and  these  observed  psychological 
degradations  say  Imvt  been  due  to  subject -experimenter  interaction  in  the  course  of  REN  deprivation  procedures. 
Indeed,  toydar  (217),  Kales  and  his  colleagues  (139),  and  Vogel  (302)  observed  only  tbs  min lasl  psychological 
changes,  at  least,  In  huamn  subjects. 
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Cohen,  B.  D.  197 

Cohen,  H.  B.  55,  56,  73,  198 

Cohen,  M.  230 

Cohen,  R.  277 

Cola,  A.  40 

Colquhoun,  N.  P.  330 

Conner,  E.  210 

Conner,  R.  222 
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Frank,  G.  92 

Frederick,  W.  S.  93 

Freedaen,  0.  X.  33,  348,  349,  350 

Freerni,  G.  L.  94 

Frerlcha,  J.  B.  40,  41 

Friedaan,  B.  167 

Frohann,  C.  E.  95,  195,  197 

Furchtgott,  E.  96 

Gapparov,  UK  251 

Gault,  F.  P.  349 

Gerard,  ft.  W.  25 

Gerahaa,  S.  C.  97 

Cl  reeking,  C.  F.  98  ,  99  ,  335 

Clfford,  S.  100 

Gilbert,  J.  ft.  243 

Glouinaki,  J.  255,  256 

Goldie,  i.  101 

Gnodanough,  D.  R.  105,  106 

Condhill,  V.  102 

Goodaan,  J.  268,  297,  298 

Goodnoa,  J.  J.  341 

Goodrich,  C.  ft.  241 

Cordon,  T.  282 

Corf tin,  D.  8.  9 

Gottlieb,  J.  S.  195,  196,  197,  198  ,  263 

Grab,  J.  A.  178 

Grabbe,  J.  227 

Crenda,  ft.  H.  336 

Graven,  R.  92 

Creen,  J.  H.  101 

Greenberg,  ft.  103,  104 

Greenberg,  8.  71,  72 

Greiner,  t.  ft.  42 

Criaell,  J.  L.  196,  197,  198 

Croee,  H.  N.  108,  106 

Geletcb,  G»  107,  108,  881 

CaiKMi  E>  K.  E>  109 

Mlbicbt,  J.  >.  778 

MUM#,  E.  331 
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Halbf'rg,  r.  92 
Hall,  T.  J.  6 
Ha  Hi  day,  A.  N.  81 
Halpert,  E.  105 
Hamilton,  R.  U.  110 
tew  k,  J.  337 
terner,  R.  92 
Harrlt,  S.  J.  112 
tertaan,  B.  G.  113,  114 
thrtwai,  E.  33,  US 
Ikrmy,  E.  N.  63 
femlBD,  H.  116 
Unity,  C.  T.  117,  118 
harit,  E.  43 
teller,  M.  84 
Haary,  F.  120,  2S6 
Navy,  P.  73 
Hawn,  S.  0.  261 
tertKnde«-P*cn,  R.  119 
IUrrIm,  E.  A.  89 
HiU,  H.  F.  239 
RlnkU,  l.  F.  121 
Hobart,  C.  63 
Hoad  tea  kar,  F.  S.  U9 
Holal,  t.  122,  219 
Hart,  l.  232 
Ho* land,  C.  I.  279 
Hobaod,  R.  H.  123 
Uflov,  V.  V.  169 
Uapletro,  P.  F.  89 
Dm,  I.  149 
Jacob#—,  A.  1*9,  140,  143 
MM,  0.  P.  l'J 

Jimm,  a.  il.  816 

J—klaa,  N.  m 
Jar Ison,  H.  J.  US 
Job——,  t.  91 
Mm,  F.  ISO 

Sab— OB,  U  C.  107,  128,  127,  128,  129 
J— ,  H  S.  131 


Jones,  R.  f.  336 

Jouvet,  h.  79,  HO,  132,  133,  134,  135,  136 

Jouvet-Mounler,  D.  137,  S^l 

KOI—,  A.  133,  139,  140,  141,  142,  143, 
1S9,  2S5,  2S9 

Kalea,  J.  D.  140,  141,  143 
Kaalyn,  J.  144 
Karafeic,  V.  14S 
Kota,  S.  E.  146 
bwiaii,  J.  l.  147 
Kawaaoto,  T.  147 
K— may,  0.  F.  333 
Kola,  H.  254 

J  1.  43,  49 
Keaalmr,  E.  E.  162 
KaTy,  S.  s.  210 
On '.an,  M.  1*3 
Kli.-hnax,  1.  10S 
Kiyoao,  S,  149 
data,  P.  72 
<H’  inarrwn,  J.  210 

delta—,  H.  $7,  74,  130,  151,  152,  183, 
1S4,  179 

Knew,  J.  A.  C.  62 
K—Ua,  K.  P.  155,  l* 

Robert,  h,  m 

tolUr,  l.  J.  142,  141,  1*7,  159,  139, 

207,  208,  242,  270 

Ktllar,  t.  122 

Eoe'UA  2 SI 

Koracpi,  t.  K.  160 

Korda e,  V.  166 

Koraaco,  R.  L.  14,  161 

Corattabp,  C.  16? 

broffaU,  0.  8.  16) 

XrtUar,  H.  3.  164 

tub (a,  l.  8,  14S 

Kite.  t.  37,  144,  167,  168 

KM,  t.  144 

Kart— a— ,  0.  ».  149,  SSG 
Laii-4.  r>.  A.  *70,  171,  17? 


Landis,  C.  146 

Uslett,  H.  R.  173,  174,  216 

Utegola,  M.  I.  09 

Utica,  V.  G.  17S,  176,  185 

Uughlin,  H.  P.  177 

Uvcrfanc,  J.  88 

Leake,  C.  178 

Lae,  N.  A.  M.  179 

Leea,  H.  197 

Legendre,  R.  180 

Lets  on,  N.  C.  160 

Lento,  J.  E.  196 

Leonard,  J.  A.  181 

Upon,  D.  105 

Leeter,  8.  L.  316 

Levine,  S.  222 

Levitt,  R.  A.  182,  183,  1*4,  195 

Lewis,  H.  t,  1*6 

Uebenan,  8.  14 

Liber*<-a,  W,  T.  1*7 

Lickllder,  C •  R*  41,  148 

Lindsay,  0,  8.  189 

Upp-an,  H.  C.  350 

Make,  t.  A-  2» 

Loevsnhart,  A,  5,  15 

Loovaa,  1.  17 

Loveland,  8.  V.  190,  lfl 

Ltd) 1 1-.  A.  98  ,  99,  192,  193,  225,  336,  «7, 
338,  339,  340,  341,  342 

baby,  E.  U,  88,  1*4,  l?8,  196,  147,  198, 

»3 

bate,  C.  188  1  200 
RkIwUi  2,  8.  118 
Wagnucaca,  0.  201 

IbUkhov,  I.  I,  280,  251 
Nile,  3,8.  183 
Nalea,  R.  8.  202,  288,  204 
MtMtneb  f  3.  141,  143 
Mbmim,  «.  de  38* 

NwdeU,  A.  3.  137  ,  208  ,  207  ,  208  .  204 

•bedell,  R.  P.  2»,  **.  204 


Mangold,  R.  210 

Heron,  L.  260 

Martin,  0.  E.,  Jr.  258 

Ibrx,  W.  298 

Mataimiga,  H.  211 

Hattheva,  J.  92 

Ikttaon,  R.  N.  20,  212,  S3 

Maulaby,  R.  L.  213 

Mead,  L.  49 

Meddle,  R.  214 

Malar,  C.  ti-  21 

Meredith,  U.  12 

Matt,  8.  116 

Meyer,  A-E.  277 

Nayere,  C.  M.  304 

Miles,  W.  R.  216 

Ailler,  N.  t.  279 

Killer,  T.  3.  241 

Mirsky,  A.  r.  162,  217,  213,  257 

Mitchell,  C.  222,  223 

Kivntck.  L.  1.  10 

MMWier,  M.  123,  219 

Monroe,  L.  J.  30,  720 

M&*e,  L.  M.  221 

Harden,  8.  7.2,  223 

MBiTK',  C.  0.  224,  275,  i*‘l 

Howet,  J.  23S 

IbeaLJ* ,  8 .  8  •  22C 

Nailer,  C.  C.  255 

Halim.  r.  3.  17 

Musaro,  3.  14 

Naroweki ,  8.  3.  loo.  2X7 

Murray.  1.  J.  318,  7X9,  730 

MUJc,  3.  *.  S*3 

Ralteh,  P.  143,  158,  Me,  Hi 

IMaroo,  8.  158 

Rictole,  8.  ».  331 

Rltei,  t.  232 

Wfhaide,  t.  753 

■she! ,  X.  7* 
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Noble,  A.  D.  110 

Novikova,  V.  290,  291 

Ogdon,  J.  A.  349 

Okazaki,  S.  234 

Oiler- Daurella,  L.  236 

Omwake,  K.  T.  236 

Oswald,  I.  22,  121,  237,  238,  239 

Palmer,  C.  50 

Palmer,  J.  0.  157,  240 

Pappenheimer,  J.  R.  211 

Pasnau,  R.  0.  158,  159,  242 

Patrick,  C.  T.  V.  243 

Paul,  A.  24*1 

Paulson,  H.  J.  143 

Payne,  R.  B.  118 

Pearlman,  C.  104 

Pegram,  G.  V.  245 

Pellet.  P.  278 

Pepler ,  R.  0.  246,  247 

Perlstein,  A.  105 

Peyrethon,  J,  79,  80 

Pieron,  H.  248 

Piche,  M.  L.  278 

Pinchon,  R.  A.  77 

Plrojnikoff,  L.  12 

Pivik,  T.  90,  249,  351 

Pokrovski i ,  A.  A.  250,  251,  252 

Pratt,  K.  L.  20,  212,  253 

Pressey,  A.  W.  2S4 

Priest,  R.  G.  238 

PllJol,  J-F.  255,  256 

Radulovacki,  M.  226 

Rakestraw,  N.  W.  257 

Ray,  J.  T.  258 

Rechtsctoffen,  A.  259,  260 

Redfeam,  J.  W.  T.  81 

Robinson,  E.  S.  261,  262 

Rlchardson-Robinson,  F.  262 

Rodin,  E.  A.  163 

Rod(l<ck,  J.  206  ,  209 


Roftvarg,  H.  P.  264,  265 

Rosenbatn.1,  C.  198 

Ross,  J.  J.  266 

Ross,  S.  32 

Rosvold ,  H.  E.  267 

Rothman,  T.  268,  297 

Routtenberg,  A.  269 

Rubin,  R.  T.  159,  206,  209,  270 

Rust,  L.  D.  271 

tysantk,  K.  168 

Sabbot,  1.  M.  207,  208 

Sakakura,  H.  149 

Sampson,  H.  272,  273 

Sarasan,  I.  267 

Sargant,  W.  274 

Sa»orer,  C.  H.  148 

Schacht,  F.  16 

Schaff,  G.  116 

Scharf,  M.  B.  142 

Schein,  E.  H.  230,  275 

Scholander,  J.  276 

Schreider,  J.  154 

Schriner,  H.  R.  110 

Schulz ,  H.  277 

Scott,  J.  287 

Scrimshaw,  N.  S.  278 

Sears,  R.  R,  279 

Segal,  J.  200 

Senn,  M.  J.  178 

Seymour,  J.  H.  280 

Shaternlkova ,  J.  S.  252 

Sheff,  R.  206  ,  209 

Sholakos,  B.  278 

Shnavonlan,  B.  12 

Shurley,  J.  T.  281 

Siegel,  J.  282 

Simon,  C.  V.  283 

Singer,  N.  T.  190,  224 

Sirota,  H.  105 

Ska  la,  J.  305 
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Slater,  0.  R.  1S7,  159,  270 
Slye,  E.  S.  129 
Smith,  H.  285 
Steith,  R.  7 


Snyder,  F.  161,  236,  287 

Sokoloff,  L.  210 

Sterman,  M.  B.  119 

Stier,  S.  242 

Supemav,  J,  S.  18 

Surwillo,  W.  W.  203 

Sworad,  D.  288,  289,  290,  291,  314 

Swanson,  E.  H.  90 

Tim,  T-L.  141,  142 

Thacore,  V.  R.  239 

fireman,  P.  0.  G.  210 

Tobin,  M.  105 


Todd,  C.  E. 

292 

Traub,  A.  C. 

303, 

304 

Trumbull,  R. 

293 

Tucker,  R.  P. 

294 

Tyler,  D.  B, 

102, 

268, 

Ukolova,  M.  A 

.  299 

Valek,  J.  37 

Vanderkamp,  H. 

.  16 

Van  Orraer,  E. 

B.  300 

Vimont-Vicary, 

P. 

137, 

Vogel,  G.  W. 

302, 

303, 

Vojtchekovsky, 

H. 

305 

Wagner,  T.  E. 

75 

Walter,  R.  D. 

143 

Warren,  N.  52 

,  S3, 

306 

Watanabe,  T.  E 

.  75 

Webb,  W.  B.  2 

,  3,  ■ 

1,  97 

Weikers,  N.  J.  253 


Weiskotten,  T.  F.  312,  313 
Keissbuch,  R.  140 
Wellnerova,  J.  314 


Weniihl,  R.  12 

West,  C.  D.  28 

West,  L.  J.  34,  SIS,  316 

Wheeler,  W.  172 


Wilkinson,  R.  T.  317,  318,  319,  320,  321,  322,  323, 
324  ,  325,  326  ,  327  ,  328,  329  ,  330,  331 


Williams,  C.  L.  343 


Williams,  H.  L.  98,  99,  191,  193,  225,  332,  333, 
334,  335,  336,  337,  338,  339,  340,  341, 
342,  343 

Williams,  M.  344 

Wil7':  **>  R.  i.  97  ,  253  ,  345,  346  ,  347 

Willing iam,  W.  W.  9b 

Wilson,  T.  143 

Wolff,  H.  c.  121 

Yules,  R,  348,  349,  350 

Zarcone,  V,  108,  351 

Z ini) erg,  3.  163 

Ziter,  F.  A.  20 
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BIBLIOGRAPHIC  SUBJECT  INDEX1 


Activation  (Arousal) 

11,  40,  41,  60,  129,  157,  203,  204,  209,  328 

Adenosine  triphosphate  ( froa  incubated  whole  blood) 

95,  195,  196,  197,  229 

Adjective  Check  List  for  Hood  Change 
157,  214 

Adrenal  glands 

18  (see  also  17-bydr oxycort isol ) 

Adrenal  corticoids 

(see  1  "’-hydroxy  cortisol) 

Age 

309 

Aggression  (and  increased  irritability) 

33,  64,  81,  82,  94,  146,  176,  188,  228,  229  (?p.  217-224),  222,  231,  279,  295 
296,  308,  313 

Alcohol 

97,  103,  104,  105,  106,  138,  305,  330,  348,  349,  350 
Alpha  rhytln 

10,  24,  25,  128,  129,  158,  159,  203,  263,  297,  336,  341 

Alpha -act hyl  DOPA 
80 

Anphetaaine  (dexeJrine) 

68  (with  secobarbital),  162,  176  (with  secobarbital),  231  (with  secobarbital), 
239,  260,  295 

Anxiety 

176,  224,  231,  261 
Ascorbic  acid 

169  (in  rat's  liver;  see  also  17-lydi  oxycort  isol) 

Aspartic  acid  salt 
185 

Attention 

82,  146,  152,  217,  243,  261,  267,  312,  313 

Auditory  acuity 
102 

Autonomic  responses 

11,  129,  157,  276 

Aviation  nedlcine 

88,  113,  117,  213 

Bar  pressing 
271 

Behavioral  (psychological)  changes 

22,  36,  54,  128,  146,  159,  162,  170,  195,  197,  218,  224,  242,  245,  273,  296 

Blocheaical  changes 

95,  159,  197,  270,  32(1 

Biological  energy  transfer 
195,  196 

Blocks,  performance 

23,  24,  32,  99,  162,  229,  306,  336,  339,  341 
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Blood  pressure 

11,  39,  146,  ISO,  210,  295,  315 
Body  temperature 

11,  89,  90,  100,  150,  157,  164,  178,  191,  214,  229,  315 

Body  sway 

82,  174 

Body  weight 

89,  146,  150,  1S7,  159,  160,  243,  297 

Brain  acetylcholine 
33,  119 

Caffeine 

97 

Catecholamines  excretion 
89,  116 

Cerebral  circulation 
210 

Chlorpromazine 

47,  217,  218 

Conflict 

228,  276 

Cortical  reactivity 
83 

Creatinine  excretion 

89,  146,  ISO,  195,  270,  278 

Daucrschlaf 

115 

Death 

152,  188,  205 

Depression 

27,  56,  82,  176,  295,  304,  313 

Diplopia 

154 

Diurnal  Ccircadian)  rhythm 

8,  92,  152  (Pp.  175-177),  229  (Pp.  27-28),  237  (Pp.  172-173),  258,  278,  290, 
293 

Drug-induced  sleep  stage  "deprivation" 

138,  141,  238,  239 

Electroconvulsive  shock  threshold 
55,  56 

Electroenceptia  lograms 

10,  20,  24,  25,  26,  77,  85,  92,  107,  129,  194,  213,  245,  263,  268,  292,  297, 
336,  341,  343,  344 

Electroencephalographic  patterns  of  sleep 
74,  259 

Endurance 

45 

Eosinophil  count 
160 

Euphor ia 

14,  30,  31 

Exhaustion 

15,  16,  48,  61,  177,  178,  18S,  309 
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Extreme  environments,  sleep  in 

109  (Antarctic),  110  (hyperbaric  cteirfcer  in  helium-oxygen  air), 
117  (space  cabin  simulator),  121  (Communist  interogation), 

186  (Polar  expedition),  213  (astronauts),  21S  (submarine) 

Fatigue 

23,  42,  48,  49,  77,  81,  113,  192,  28S 

Finger  pulse  volume 

129,  218,  336 

Galvanic  skin  response 

11,  42,  126,  129,  157,  159,  203,  276 

Glycogen  content 

226  (in  brain  after  REM  deprivation) 

Growth 

188,  229  (Pp.  37-38) 

Habituation 

276 

Hallucinations 


28, 

34, 

82, 

146, 

160, 

174, 

242, 

243, 

294, 

295, 

313, 

333,  342 

Heart  rate 

24, 

60, 

89, 

120, 

145, 

146, 

ISO, 

160, 

178, 

203, 

243, 

271,  276 

Heat 

247 


Hippocampal  theta 
288 

Hours  of  sleep,  normal 

131  (healthy  insomnia),  152,  171,  237 

Humoral  transmission,  hypnogen 
122,  219,  241 

Increased  effort 

82,  94,  111,  172,  203,  322,  325,  328 
Individual  differences 

45,  50,  58,  59,  64,  72,  90,  152,  190,  306,  321,  329 

Information  learning 
98 

Insoania,  dream  interruption 
103 

Intelligence 

45,  82,  146,  173,  174,  262,  280 

Interaction 

330  (alcohol  and  sleep  lose) 

89,  116  (work  and  sleep  lose) 

247  (heat  and  sleep  lose) 

81,  279,  295,  296,  341  (aggression  and  methods  of  sleep  deprivation) 
323  (knowledge  of  reaults  and  sleep  loss) 

Iproniazid  78,  229  (p.  37) 

Iron  metabolism 
167 

Irritability 

See  Aggression 

Knowledge  of  results 

321,  322,  326,  341 

Lapses,  performance 

23,  24,  229  (Pp.  169-174;  206-209),  336,  339,  341  (see  also  Blocks. 
WfMMti) 
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Learning,  maze 

40,  41,  188 

Monoamine  orydate 
251 

Methods  of  sleep  deprivations 

147,  242,  250,  341  (total  sleep  deprivation) 

3,  68,  71,  73,  136,  347  (REM  deprivation) 

2,  3,  347  (slow  wave  sleep  deprivation) 

171,  310,  329,  331  (partial  sleep  deprivation) 


Microsleep 

130  (in  the  rat),  187  (see  also  Blocks  and  Lapses) 

Mitochondria 

18 

Motivation 

12,  100,  173,  306,  341  (see  also  Knowledge  of  results ) 

Motor  convulsion,  major 
19 

Muscular  work 

91,  221 

Muscular  tension 

11,  94,  129,  157,  229  (Pp.  201-203),  203,  322,  325 

Neurological  effects 

20,  158,  266 

Need  for  obtaining  certain  sleep  stages 

3,  44,  69,  87,  104,  138,  141,  194,  302,  303,  304,  329,  347,  351 

Neurons 

16  (in  spinal,  cord),  17  (in  the  medulla) 

Neurosis 

291 

Noise 

59,  313,  323 

Norepinephrine 

255 

Oral  3ugar  tolerance 
37 

Oxygen  consumption 
89 

Pain  threshold 

11,  152,  203,  328 

Fara-chlorphenylalanine  (PC.PA) 

156 

Partial  sleep  deprivation 

7,  14,  30,  71,  123,  171,  214,  236,  272,  285,  310,  329,  331 
Perceptual  changes 

45,  46,  82,  225,  242,  280,  317,  333,  342 

Performance  measures 

306,  312,  335,  341  (accuracy) 

329  (errors  of  cowsission) 

329,  341  (errors  of  umissiou) 

321  (gaps  between  responses) 

203,  285  (off-target  errors) 

220,  328  (stgnul  detected) 

123,  341  (speed) 

322  (total  work  output) 

I'twsic  events,  in  REM 
73 


45 


Physical  exercise 
116,  328 

Physiological  responses 

89,  93,  128,  146,  203,  204,  218 

Plasma  iron 

166 

Prolonged  (continuous)  work  period 

29,  43,  113,  114,  118,  125,  213 

Protein  metabolism 
278 

Psychological  tests 

82,  123  ACE  (American  Council  on  Education:  psychological  examination) 

123  ,  262  (Arty  Alplia  tests) 

191,  33S,  338,  340,  341  (Any  Classification  Battery) 

195  (Benton  Visual  Retention  test) 

3,  347  (Cattell's  16  PF) 

157  (Clyde  Mood  Scale) 

46  (Cornell  Medical  Index) 

195  (Gorham  Proverbs) 

£4,  157  (Hoitr nan  Ink  Blot) 

46  (Mans ley  Medical  Questionnaire) 
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54  (Nowlis-Creen  Mood  Cheek  List) 

3,  347  (Pensacola  2  Scale) 

46  (Raven  Progressive  Matrices) 

9  (Structured  Objective  Rorschach  Test,  SORT),  107,  157,  190,  240,  280  (RorBehach) 

12,  54  (Modified),  195,  280  (T^iemativ  Apperception  Test  (TAT)) 

195  (WAIS) 

280  (few  subtests)  (Wechsler-Bellevue  Test) 

54  (Welsh  Figure  Preference  Test) 

Psychopathology  of  sleep 
138,  315 

Psychiatric  changes 

5,  22,  107,  187,  294,  302,  305  (see  also  Psychosis  of  sleep  deprivation) 

Psychosis  of  sleep  deprivation 

22,  27,  28,  34,  107,  146,  195,  225,  242,  294,  296,  316 

Reading 

S3,  111,  261 

Recovery  sleep  pattern  after  total  sleep  deprivation 
22,  129,  142,  337 

Recuperative  power  of  sleep  stages 
329,  347  (see  also  171) 

REM  (Rapid  Eye  Movement  sleep  stage,  dreaming  sleep) 

65  ,  66  ,  67  ,  68  ,  69  ,  86  ,  87,  104,  108,  132,  133,  161,  206  ,  209  ,  286 

REM  deprivation 

3,  50,  54,  55,  56,  64,  68,  70,  72,  73,  75,  79,  80,  90,  139,  141,  148,  166, 

184,  222,  223,  226,  2«9,  272,  273,  277,  282,  301,  302,  303,  304,  347,  351 

Respiration  rate 

11,  89,  150,  157,  178,  218,  276 

Retention,  eetnry 

40,  87,  94,  111,  243,  284,  300,  313,  333,  341 

Reticular  formation 
193,  269 

Schizophrenia 

27  ,  28,  108,  124,  160,  161,  194  ,  303  ,  331 

Secobarbital 

217 


Selective  sleep  stage  deprivat inn 

21,  32*»,  347  ( *cc  also  PJM  deer  Ivat  Ion  and  deprivat  Inn) 
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Serotonin 

27,  256 

17-hydroxycortisol  and  17-ketosteroid 

2b,  100,  157,  208,  222,  227,  270,  298,  328 

Signal  uncertainty 
338 

Simulated  communication  task 
275 

Size-constancy,  judgments  of 
47 

Shock-induced  fighting  in  rats 
222 

Skin  potential  activity 
232 

Sleep  debt 

88,  314 

Sleep  disturbances 
105,  201 

Sleep  patterns,  normal 

4,  74,  84,  140,  265,  346 

Sleep  patterns,  unusual 

109  (Antarctic  sleep) 

214  (48-hour  day) 

110  (good  or  poor  sleepers) 

131  (healtfy  insomniacs) 

163  (open-heart  Burgeiy  patients) 

186  (Polar  sleep) 

107,  142  (post-sleep  deprivation) 

110  (typerbalic  chamber) 

239  (withdrawal  of  amphetamine  from  addicts) 

348  (withdrawal  of  alcohol  from  alcoholics) 

140,  141,  238  (withdrawal  of  hypnotics  from  addicts) 

Social  behavior 

100,  152,  175,  176,  230,  242 

Stages  of  sleep,  scoring 
2S9 

Stress 

89,  157,  195,  207,  203,  227,  298 

Stress  responsive  indole  substance 
100,  1S7,  207,  208 

Subjective  feeling 

14,  82,  261,  297 

Succinic  oxidase 
95 

Slow  wave  sleep  (i*fS) 

138,  194 

Slow  wave  sleep  deprivation  (SI  »p  Stages  3  and  4  drprlvat ion) 
2,  3,  71,  347 


Task,  types  of 

3,  12,  3$,  171,  243  ,  273  ,  3«i,  310,  318,  327,  340  341.  347  (adding  and  scbrracttr*) 
12,  261  (aiming) 

173  (analogiea) 

2bS  (associated  word) 

280  (autokinesis) 

313  (ball-throwing) 

123,  210,  318  (card  sorting) 

162,  267,  341  (f  .ut  ii.oous  perforce  nee  task  (<~!"fll 
271,  173  (cmlr  vr  1 1  <  r«g ) 

(4  (circle  inhibition  tcs>  (Sfrxswnl) 
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23,  111,  152,  179,  306  (color  naming) 

54  (color-word  test  (ftroop)) 

12,  214  (cross-out  (symbol  scanning)) 

24  (delayed  reaction) 

3,  157,  336,  347  (discriminated  reaction  time) 

173  (digits  backward) 

82  (digits  memory) 

171  (dot  counting) 

54  (embedded  figure) 

94  (finger  oscillation) 

12,  280,  297  iflicker  fusion,  critical  (CJT)) 
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3,  82,  243,  347  (grip  strength) 

123,  261,  280  (hcnd-dynamometer) 

82,  123,  236  (hand-steadiness) 

89  (Kugelmaschin) 
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111,  172,  179,  261  (multiplication) 
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35,  280  (pegboard) 
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9,  12,  157,  171,  243,  280,  336,  341  (reaction  time) 

318  (rote  learning) 

24  (serial  addition  and  subtraction) 

24,  59,  181,  247,  318,  319,  321,  323,  325  (serial  choice  reaction) 

146  (speed  of  typewritiM) 

123,  214,  261,  285,  3(6  (tapping) 

2,  3,  12,  32,  58,  59,  94,  111,  123,  198,  203,  242,  247,  280,  347  (tracking, 
pursuit  or  compensatory ) 

12,  59,  76,  318,  320,  324,  326  (vigilance) 

111  (war  game) 

12,  273,  285  (word  association) 

12  (word  fluency) 

82,  343  (worn  memory) 

128  (writing  reversed  digits) 

Task,  parameters  of 

340  (cognitive  loading) 

192,  333  (cosolexity) 

328  (duration) 

111,  192,  328  ( Intrinsic  interest) 

341  (motivation) 

333,  335  (memory  requirements) 

328,  341  (pacing) 

340  (speed  loading) 

328  (types  of  tasks) 

Tasts  threshold 
96 

Temperature,  environmental 
96 

Theory  cn  sleep  deprivation 

203  (activation  (Hull Ian  concept)) 

111  (attention  (concentration)) 

24  (de-activation) 

323  (efforts  (compensatory)) 

141  (laps1) 

11  { sympathetic-parasympathetic  imbalance) 

1ST,  2bS,  270  (stress) 

Tbi ary  and  phenomenology  of  sleep 

119,  135,  136,  144,  152,  US,  ISO,  199  ,  200,  205  ,  237,  741,  269, 

274,  2*7,  111 

Thyroid 

l«,  13« 

Tremor 

193 

Tryptophan  wiilmliw 
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Vanillylmandelic  acid 
270 

Visual  acuity 
240 

Visual  perceptual  changes 

62,  243,  244,  254 

Visual  fixation 
216 

Work  output,  total 
247 

Work-rest  schedule 

1,  6,  7,  8,  113,  258,  290,  293 
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Figure  1. 


Figure  2. 


Figure  3. 


figure  4. 


Figure  it 


firur*  6, 


Elec.rooncephalographlc  (EEC)  and  electrocardiographic  (EKC)  records  of  a  subject  who  developed 
visual  hallucinai ion  during  sleep  loss.  Before  an  episode  of  visual  hallucination)  EEG  shewed 
low  voltage  waves  of  nixed  frequencies.  A  period  of  hallucination  was  accompanied  by  sustained 
high  voltage  alpha  wave  in  EEG  and  increased  heart  rate. 

Unidiaensional  annual  tracking  of  vieual  stimulus  in  4  subjects,  R.  S.,  H.  H.,  D.  C.,  and  J.  L. 

Three  channels  on  the  top  of  the  figure  show  sinusoidal  tracking  signal,  tracking  response,  and 
tracking  error  of  a  subject,  H.  H.,  at  123rd  hour  of  sleep  loss.  The  lower  graphs  show  the 
tracking  error*  only  on  4  subjects.  The  more  wav;1  the  lines  are,  the  wore  inaccuracies  are 
present  in  tracking.  R1  and  F2  are  the  tracking  responses  after  one  and  two  night(s)  of 
recovery  sleep. 

Results  of  an  ianediate  recall  test  before,  during,  and  after  04  hours  of  total  sleep  deprivation 
followed  by  selective  sleep  stage  deprivation.  C  denotes  Control  Croup  for  selective  sleep 
deprivation  (N  =  4).  5  denotes  Slow  Mhve  Sleep  Sept iveJ  Croup  (U  =  3),  R  denotes  HEW  Sleep 

Deprived  Croup  (N  -  3).  Perfect  score  for  the  task  was  3d  word*  recalled.  B  denotes  Baseline 
Days,  1  through  4;  D  denotes  Deprivation  Days,  1  and  2;  PR  denotes  thrtial  Recovery  Days,  1  and 
2;  R  denotes  Recovery  Days,  3  and  4. 

Results  of  task  of  adding  fivr  two-digit  coltana  of  (umbers .  C  is  Control  (N  *  4)1  5  l«  Sltw 
Nave  Deprived  (N  -  3);  R  is  REN  Sleep  Deprived  IS  *  4),  and  A  is  the  So  Sleep  t*pr  v«d  Croup 
(N  •  4). 

This  is  a  polygrsphlr  record  show'ng  EEC  and  autonomic  concomittant*  of  performing  a  M«k,  Plus  7, 
before  the  deprivation  of  sleep.  This  record  was  taken  fro©  *  subject,  J.  Y,,  S  minute*  after  the 
start  of  the  Plus  7  Tusk,  TASK  channel  indicated  smooth  and  rapid  mental  addition  with  the  ijuet 
roarpleting  six  cortevt  additions  in  *0  seconds.  EEC  showed  high  amplitude  vlpha  aetivlty.  Fitger 
pulse  volume  was  relatively  marl!  and  well  r egoist.  J.  Respiration  w»*  deep.  NR  is  Heart  Fate'. 
if  is  «hln  P<4ent  iai. 

this  t*  a  |«^(iS!Clr  r.coni  of  a  svbjeet,  J.  T..  S  minutes  after  the  start  of  the  Plus  7  task  but 
with  an  intervening  sleep  loss  of  two  night*.  FAS  polygraph  channel  *!**»  accurst*  mental  additions 
but  with  a  roeaiderahlr  slowing  in  'dditlon.  fhe  subject  completed  !«ly  tVec  additions  it.  }« 
seconds.  ED'-  alpha  was  attenuated  and  int.ru I ttant.  itnart  rate  *us  1  .s-ed  and  finger  pulse  volume 
w<  larger.  Respiration  was  shallower. 


Flgwe  7. 


Figure  I. 


Figure  9. 


Figure  10. 


Figure  U. 


Figure  I?. 


Figure  13. 


ftgiue  14. 


Ihi*  shews  the  reeults  of  the  Flue  7  Task  performance.  C  denotes  Control  Croup  (M  -3); 

S  denote#  Slow  tfeve  Sleep  Deprived  (N  1  3);  k  denotes  REN  Sleep  Deprived  (N  *  4);  A  denote*  the 
No  Sleep  Deprived  Croup  (N  -  2).  The  task  ms*  50  minutes  long  but  this  figure  about  only  the 
average  performance  during  three  period!  (N'r-.ute*  1-10,  21-30,  and  41-bO). 

thia  figure  shews  the  roeulto  of  performance  on  the  X  croaaout  teat.  C  denote*  the  Control  Croup 
(N  *  4);  S  denotec  Slew  ihve  Deprived  Croup  (N  -  3 )j  R  denote*  the  REM  Sleep  Deprived  Croup  (N  -  4) 
and  A  denotea  No  Sleep  Deprived  Croup  •  4). 

Thli  figure  abate  the  results  of  perforates  of  Ccntlftuoua  Counting.  C  is  Control  Croup  (N  »  4); 

S  i»  Slew  Nave  Deprived  Croup  (N  -  3);  R  it  REN  Deprived  Group  (N  =  4),  a:.d  A  it  No  Sleep  Deprived 
Group  (N  *  4). 

thee*  are  the  re*ulte  of  petfurae-vw#  5?  auditory  vigilance.  C  i*  Control  Croup  (N  *  4);  S  it 
Star  tteve  drived  Croup  { R  *  3),  and  »  I-,  R£N  Deprived  Group  (N  -  4). 

This  figure  she*;  the  Stage#  of  Sleep,  1,  2,  3,  4,  *r«i  REM,  plus  W,  the  take  Period.  Calibration* 

'■  •!*'  rate  and  for  EEC  appear  at  the  lover  borton  of  the  figure.  LEOl  ia  Left  tie ctro- 
oeuiograa;  TwOG  if.  Atgrx  Uect rooeulograe.  A  i*  the  reference  created  by  connecting  left  and  right 
>:a  iroeesses. 

This  show*  the  tleep  cyvlea  of  tvo  nAjecti,  J.  C.  V,  and  N.  t.  C.  The  stages  of  sleep  arc  shown 
oe  the  vertical  avia.  N  ia  Make  period,  t  is  RgM  Period.  The  norironttl  avia  shows  the  twur#  uf 
sleep  and  also  in-;*}  clock  tier. 

This  figure  aluw#  the  physiological  indicator*  tied  in  the  Stag*.  Km  alee}  deprivation.  IXdC  and 
WOC  Jin  iaft  and  Right  tlrctrouvutugraas.  EMC  la  Elertriaqrograa  taken  on  and  benoith  the  «.«u=’,af 
area  of  the  chin.  F3,  tt,  arid  3i  are  EEC  derivations  after  the  I'wid  *y*tea.  sr  ia  * 

Potential;  t*  ia  Nasrt  1  ♦;  FP  ia  finger  Polar  vulun*.  A  ia  the  «rfr.*«u‘*  foiled  by  inter- 
caaafliag  laft  'id  right  naatold  procaaaea.  In  Rf.d  hpriv-d  flerp,  the  nAjM  wa#  uvukined 
at  the  tine  when  chin  DC  tonus  diaapfnartd  (4  sMa),  m  at  the  bfginr.i’tc  of  »»v  truin  of  rapid 
ey»  mvaeaota  (4  dota). 

these  are  the  sleep  profiler  of  a  •ub.Srci  in  3rd  te.elior  eleep,  the  *e<«v i  night  of  >.)<*(  user 
sleep  deprivation  and  the  fust  night  of  recovery  *Se»s  fa'tfawiqg  twn  mghla  of  tidal  ■'Veep.  I«*» 
aid  vwo  mghu  of  *l«w  wave  sleep  deprivation. 
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The  effects  of  sleep  loss  on  human  task  performance  wefe  discussed  under  total, 
partial,  and  selective  deprivations  of  sleep.  Some  of  the  frequently  used  psycho¬ 
logical  tasks  in  studies  of  total  slesp  loss  were  described  in  sufficient  detail  so 
that  experimenters  could  choose,  on  the  basis  of  naterials  presented  in  this  mono¬ 
graph,  adequate  tasks  to  fit  their  experimental  objectives.  Factors  which  played- 
critical  roles  in  determining  the  degree  of  task  sensitivity  to  total  sleep  lose 
were  listed.  Effects  of  shortened  hours  of  sleep  on  human  task  performance  were  ■ 
discussed.  Effects  of  selected  sleep  deprivation  on  performance  were  also  brief Ijr 
conmented  upon.  -  The  commentary  of  this  monograph  covered  almost  all  studies  conduct e< 
on  sleep  loss  under  laboratory  conditions,  including  a  series  of  on-going  experiments 
on  total  and  selective  sleep  deprivations  at  the  Navy  Medical  Neuropsychiatric 
Research  Unit,  San  Diego.  The  commentary  mo  followed  by  a  bibliography  on  sleep 
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